Vol. 133, No. 3469 


23 June 1961 


a 
U 
Z 
. 
O 
o 


bed 
v 
z 
tal 
Se] 
cs) 
wn 
Baa 
° 
& 
z 
bal 
= 
fal 
rT) 
z 
< 
~ 
2 
a 
ba 
x 
a 
] 
ing 
& 
=] 
pee 
Ee 
< 
Seed 
o 
@ 
wa 
wn 
“ 
& 
< 
s) 
ead 
ox 
fal 
PS 
© 














ULTRAMICRO CHEMISTRY FOR 
A MODEST INVESTMENT... 





Model 151 Spectro-Colorimeter 


Combination spectrophotometer- 
colorimeter with continuously vari- 
able wavelengths, 400 to 650 mp and 
15 mu bandwidth. Equipped with 0.1 
ml flow-through cuvette. Adapters for 
use with standard macro cuvettes 
also available $475.00 


Model 152 Microfuge 


Miniature table-top centrifuge sedi- 
ments blood cells in less than 60 
seconds. Automatic shut-off timer. 
Occupies 7” by 7” table space; stands 
only 9” high. Price includes 1,000 
micro test tubes $155.00 















Model 153 Microtitrator 


Exceptionally precise burette, accu- 
rate to +0.01 ul throughout full 
range. Volumes read directly on large 
dial face. Press of a button rezeroes 
dial pointer after each titration. Built- 
in vibrating stirrer for rapid mixing 
and precise end points. . . $248.00 









Model 154 Micromixer 





Controlled vibration assures rapid 
and thorough mixing of test-tube 
contents. Tubes can be mixed singly 
or five at a time simply by press- 
ing a button. The shut-off timer is 
automatic $75.00 


Beckman: 





The inexpensive way to install a 
small-sample service in your lab- 
oratory is to purchase basic com- 
ponents of the Beckman Ultramicro 
Analytical System one at a time. 
With just the precision Microtitrator 
and two sets of volumetric ware, 

for example, you are prepared to 
run calciums and chlorides on 
drop-size samples of blood. 


Start out with the compact, trans- 
istorized Spectro-Colorimeter, and 
you have your choice of any of 

the available photometric analyses. 
Other components can be added 

as needed. 


No matter how you begin—either 
with a selected group of components 
or the complete Beckman/Spinco 
Ultramicro Analytical System, you 
get easy-to-operate instruments 

that make accurate determinations 
of small volumes a routine matter. 


For more information on this 
economical approach to ultramicro 
chemistry, write Spinco Division, 
Beckman Instruments, Inc., 
1117 California Ave., Palo Alto 5, 
California. 












Model 150 Ultramicro 

Analytical System 
Spectro-Colorimeter, Microfuge, 
Microtitrator, Micromixer, and ten 
clinical tests, complete with micropi- 


pettes and chemicals and an Ultra- 
micro Instruction Manual . $1,560.00 


Spinco Division 
Beckman Instr 





ents, Inc. 
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Two Important Factors to Consider 


When Ordering Research Biochemicals 


Of course quality of product is still the prime factor. 
And N.B.Co. is world famous for its complete stocks 
of the finest quality and purest biochemicals. But 
time and money are very important, too. Being able 
to deliver your biochemicals almost instantly and at 
economical prices have made N.B.Co. the world’s 


number one Research Biochemicals House. Our 


Nutritional 
Biochemicals 
Corporation 


21010 MILES AVENUE, CLEVELAND 28, OHIO 


stocks include over 300 Amino Acids © over 90 Pep- 
tides * over 200 Nucleoproteins, Purines, Pyrimi- 
dines * Miscellaneous Biochemicals ¢ Vitamins ¢ 
Enzymes-Crystalline, Purified « Growth Factors « 
Steroid Hormones ¢ Biological Salt Mixtures and 
Test Materials * Carbohydrates * Purified Proteins 
e Fatty Acids @ Antibiotics * Alkaloids * Glandular 


Substances. 


Send for our free June, 1961 
Catalog containing more than 
2600 items. Fill out coupon and 
mail today for your copy. SC 
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SCIENCE is published weekly by the AAAS, 1515 Massachusetts Ave., 
additional mailing office. Annual subscriptions: 


NW, Washington 5, D.C. Second-class postage paid at Washington, D.C., and 
$8. 50; foreign postage, $1.50; Canadian postage, 75¢. 








Your best move is fo UNITRON i‘, 


for a COMPLETE LINE of METALLURGICAL MICROSCOPES! 
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UNITRON’S Complete Line of Metallurgical 
Microscopes and Accessories covers the needs 
of Research, Industry and Education. 


Quality optics . . . advanced optical and UN/ TRON INSTRUMENT COMPANY e MICROSCOPE SALE 
mechanical design .. . unique and convenient BG NEEDHAM ST. NEWTON HIGHLANGS 1,1 
operational features . . . budget prices... 


free trial period — these, together with FOO Neh a ee ee 
proven performance are the reasons why... Name 


THE TREND IS TO UNITRON! aon 
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Basic Research at Honeywell 
Dr. Finn Larsen 


Vice President for Research 


The Nature of Oxidation: Studies In The 
High-Temperature Oxidation of Alloys 


Under high temperatures, oxidation is accelerated. While 
some pure metals deteriorate rapidly, certain of their 
alloys oxidize much more slowly. Accurate prediction of 
alloy oxidation rates, however, awaits development of a 
reliable mathematical model. At Honeywell Research, new 
techniques have produced data that make a start toward 
a universally applicable theory. 


With the single exception of gold, oxida- 
tion limits the use of all metals at high 
temperatures. This is true because the 
Sidets of corrosion do not have the 
properties of the parent metal. In addition, 
corrosive products occupy more space 
than the parent metal they replace, affect- 
ing dimensions and tolerances. 

Corrosion is greatly accelerated by high 
temperatures, putting serious limitations 
on progress in heat generating equipment 
such as internal combustion engines, 
rockets, nuclear reactors and electrical 
contacts. 

At the present time the accepted method 
of inhibiting corrosion is to apply a pro- 
tective coating to the metal to prevent the 
migration of oxygen atoms to the surface 
of the material. This, however, is expen- 
sive and in many cases not practical. 

We know that when an oxide free sur- 
face is exposed to ordinary air at room 
temperature the upper layers of the metal 
combine with the oxygen atoms to form 
a thin film or scale (oxide). For further 
oxidation to occur the thin oxide film 
must be penetrated by either oxygen 
atoms migrating down to the fresh metal 
surface or by metal atoms migrating out- 
ward to the air. In most cases, one of 
these reactions predominates. 

For about 40 years metallurgists have 
worked with several classical equations 
that predict the rate of oxidation. How- 
ever, these equations apply rigorously only 
under idealized conditions. They do not 
fully equate the mechanical and micro- 
structural features of a multi-layer oxide 
or the dislocations and stresses that affect 
the oxidation process. For example: Is 
the oxide film ductile or brittle? A change 
of temperature puts thermal stress on the 
oxide and if it is brittle it will probably 
break off. These properties modify the 


1976 


classical theory. All of these problems 
multiply and each influence is changed 
when an alloy is introduced. 

Honeywell scientists hope to learn more 
about these altering influences in order to 
extend the classical equations. They are 
analyzing multi-layer oxide scales with a 
number of different laboratory methods 
to build support for new, predictable be- 
havior. 

Multi-layer scales are caused by the 
ability of metals to have multiple 
valences. The balance between these layers 
is controlled by temperature. When a 
multi-layer scale exists, oxides are often 
unable to relax the stresses that occur. 
These stresses are caused by the differ- 
ences in specific volume and the differences 
in thermal coefficients of expansion be- 
tween the oxide and the metal. When 
they cannot be relaxed, stresses may build 
up and affect the rate of oxidation. Also, 
if external stresses are applied to the mate- 
rial the rate of oxidation may be affected. 

The approach to this study quickly be- 
comes a mixture of metallurgy and physical 
chemistry. One technique in studying rate 
of growth of the scale has been to measure 
the weight gain of alloys during oxidation. 
Reliable data on oxidation has been ob- 
tained in this manner. 

To determine the direction of the mi- 
gration of ions and also measure the 
growth of individual layers, Honeywell 
scientists are welding thin platinum wires 
to a specimen prior to heating. These 
marker wires give a point of reference to 
the original surface. If oxygen ions are 
moving inward, the wire remains outside 
the surface. If cations are moving out- 
ward, the marker wire will be under the 
surface. This method has yielded valuable 
new information on the formation of 
oxides. 


Microscopic examination also has been 
helpful in identifying layers, and X-ray 
diffraction has given positive identification 
of the oxide phases. 

Ideally we would like to completely in- 
hibit even the first monatomic oxide layer. 
At the present state of knowledge, this 
seems unattainable. Our approach then 
is to utilize the natural Ba 5 process 
but control it. By doing this we permit 
the formation of a thin film but seek to 
make it impermeable to further ion mi- 
gration. 

In our experiments Honeywell scien- 
tists have effected radical changes in 
oxidation rates by changing the oxide 
microstructure through heat treatment of 
its alloy. For example, with an alloy of 
.87 Mg—.62 Cu, the oxidation rate can 
be retarded and the resulting oxidation 
reduced by a factor of ten with proper 
heat treatment. 

We now know that in a polycrystalline 
structure, stress and mechanical proper- 
ties affect both the rate and the mechenitail 
of oxidation. Also we know that the me- 
chanical properties of the oxide have a 
decisive effect on the tendency of the 
oxide to either spall or adhere. 

This is a start toward the derivation of a 
general theory explaining the oxidation of 
alloys. Though our research is basic at 
this point in time, we expect it to yield 
many practical answers to assist the design 
engineers working on high temperature 
problems confronting today’s nuclear and 
space projects. 

If you are engaged in scientific work 
relating to oxidation of metals and would 
like to know more about Honeywell’s re- 


. search on this subject, you are invited to 


correspond with Dr. J. A. Sartell, Honey- 
well Research Center, Hopkins, Minnesota. 

If you wish a recent paper, “The Role 
of Oxide Plasticity in the Oxidation 
Mechanism of Pure Copper,’’ by Dr. 
Sartell, write to Honeywell Research, 
Minneapolis 8, Minnesota, 


Honeywell 
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UNEQUALLED PERFORMANCE! Ronnie Robertson can spin faster 



















on icé skates than anyone in the world. 420 
rpm to be exact. So fast, military scientists 
have studied him for the biological effects of 
éentrifugal force. ; 


In refrigerated centrifuges IEC’s HR-1 
spins faster (18,500 rpm) while developing 
more gravities (41,320 x G) than ever before 
available in the standard price range. This 
gives you the dependable force that means 
faster, better separation under fully con- 
trolled temperature, hour after hour through 
the entire lab day. 


You can increase your work potential with 
the HR-1 ... send for Bulletin 0-61. 


INTERNATIONAL G9 EQUIPMENT CO. 


1284 SOLDIERS FIELD ROAD, BOSTON, MASS. 
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Sensitive, non-destructive analysis of 
many elements can be accomplished 
with great rapidity using a purely 
instrumental method involving neu- 
tron activation. The method requires 
little sample preparation with com- 
plete freedom from reagent contam- 
ination. It is useful not only for 
measurement of trace concentrations, 
but also for analyses of a number 
of elements at macro concentrations. 
Activation plus counting or spectro- 
scopic measurement frequently totals 
minutes compared with hours using 
other means. 


Intense, controllable neutron fluxes 
from Van de Graaff accelerators 
using D-T and D-Be reactions pro- 
vide the ready means for sample 
activation. 














cs od Fast Neutron Flux Thermal Neutron Flux 

Sources n/sec-em? Reaction n/sec-cm? Reaction 
AN-400 2x 108 D-T 2x 107 D-T 
AN-1300N 2x 108 D-T 3x 108 D-Be 
AN-2000N 1.5 x 108 D-T 1x 109 D-Be 
KN-500 2x 10° D-T 2x 108 D-T 








Model AN-2000 is also suitable for 
charged particle activation analysis, wear 
and corrosion studies, and other 
search programs. For neutron fluxes 
greater than 10° n/sec-cm?, other, = 
also 
available. Standard neutron sources are 


powerful neutron. sources are 


priced from $19,000 to $70,000. 


MODEL AN-400 low cost 
neutron source — high volt- 
age fully insulated, 


Help on _ specific problems 
in analytical research or 
— control is obtainable 
rom High Voltage Engi- 
neering Corporation, Facili- 
ties include neutron sources 
for experimental work, Write 
Technical Sales. 
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How To Let Go and Still Hold the Line 


Although the demand for mathematics teachers with Ph.D.’s has 
greatly increased in recent years, the supply, contrary to the familiar 
economic law, has been diminishing. Enrollment in mathematics 
courses is growing much faster than total enrollment in college, with 
the greatest growth in advanced courses. At the same time, although 
the number oi new Ph.D.’s turned out each year has also grown, 
with so many mathematicians going into government or industry, the 
number becoming teachers is not even enough to balance annual 
losses. This surprising situation was reported by Edwin Moise, of 
Harvard University, in the April issue of the American Mathematical 
Society’s Notices. Moise was speaking for a special committee of 
mathematicians. What is also surprising is that the committee goes on 
to suggest that the remedy does not necessarily lie in redoing the entire 
value structure of American society, but in redoing some of the values 
entertained by the mathematical community. 

To get a doctorate in mathematics, the candidate must now pass 
preliminary examinations and then write a dissertation offering some 
new and interesting mathematical proofs. The idea behind this pro- 
cedure is that to teach mathematics you have to be a creative mathe- 
matician yourself. The committee questions this assumption. It sug- 
gests an alternative program of study in which the creative dissertation 
is replaced by “a scholarly dissertation which could be historical, 
critical, or philosophical,” with history understood to include very 
recent history. Such research, it is claimed, would also be sensible 
preparation for effective teaching and would result in something of 
value to the mathematical community. To distinguish the new program 
from the traditional one, there would also be a new graduate degree 
in mathematics, the Doctor of Arts. 

Official groups of the American Mathematical Society and of the 
Mathematical Association of America have approved these sentiments 
in principle, but not all mathematicians are so happy about the pro- 
posal. Some criticisms are expressed in a letter to the editor in the 
June issue of the Notices. One criticism is that there has not really 
been a study of why, with B.A.’s in mathematics comparatively plenti- 
ful, Ph.D.’s are so scarce, and that such a study might well show that 
the hurdle is not the dissertation but the preliminary examinations. 
A second criticism is that the introduction of a new program of study 
would mean the introduction of class distinctions among mathemati- 
cians, with the upper and lower classes regarding each other with 
condescension on the one side and envy on the other. 

The proposal does have a certain appeal, however. In another field, 
no necessary connection is expected between being a good novelist 
and being a good teacher of literature. A key question about the 
proposal is whether its proponents really mean it when they say that 
the new kind of dissertation would be both preparation for teaching 
and a contribution to scholarship. If so, then why not accept the 
new dissertation but drop the idea of a new “Doctor of Arts” degree, 
and let the Ph.D. degree serve here as well? The number of additional 


.teachers that would result is not known, but the idea would then 


seem quite worth pursuing. Differences in status we will always have 
with us. There are differences now regarding universities, supervisory 
professors, and dissertation topics. But neither these differences nor 
those between creative and scholarly work need be shouted from roof 
tops to be appreciated.—J.T. 









Packard 
Auto-Gamma™ 
Spectrometer 
System 


This new narrow console version of the Packard AUTO-GAMMA 
Spectrometer System automatically counts and records data obtained 
from as many as 100 test tube samples. The completely transistorized 
instrument is only 24% feet wide, conserving valuable laboratory space. 


Automatic sample counting, as provided by this spectrometer system, 
is not only of great advantage where large numbers of samples are han- 
dled, but is equally advantageous when counting small numbers of low 
activity samples or a few samples of moderate activity. Blanks and 
standards can be included with samples for background checks and 
calibration. The complete series can then be counted a number of times 
for statistical accuracy. The sample number, time and scaler count are 
automatically recorded by a digital printer. 


Where work being done does not justify the use of an automatic instru- 
ment, the manual AUTO-GAMMA spectrometer is available. It includes 
the same spectrometer and well-type scintillation detector, and should 
the need arise it can easily be converted to automatic operation. 


For more information call your Packard representative—or write for 
descriptive literature. 
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A sliding cover over loading com- 
partment makes a convenient coun: 
ter for handling racks of test tubes, 


Controls are arranged for maximum 
visibility and ease of operation. 


INSTRUMENTS FOR RADIOACTIVITY MEASUREMENT AND CHROMATOGRAPHY 


BRANCH OFFICES 





CHICAGO + ALBUQUERQUE « ATLANTA e DALLAS 
LOS ANGELES +» BOSTON « PHILADELPHIA « NEW YORK 
SAN FRANCISCO « PITTSBURGH ¢ WASHINGTON, D.C. ¢ ZURICH ¢ PARIS 


PACKARD: INSTRUMENT COMPANY, INC. 
LA GRANGE 54, ILLINOIS, Telephone HUnter 5-6330 
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Reorganization of Science 


and Research in the U.S.S.R. 


A new top-level government committee will coordinate 
interdisciplinary basic and applied research. 


On 12 April 1961, while the world 
was caught up in the excitement of the 
Soviet cosmonaut, Pravda published a 
major decree of the Central Committee 
of the Communist Party of the Soviet 
Union and the Council of Ministers of 
the U.S.S.R., entitled “Concerning 
Measures To Improve the Coordination 
of Research and Development Work 
in the Country and the Activities of 
the Academy of Sciences of the USSR.” 
This official decree, first disclosed at a 
meeting of the Academy of Sciences on 
10 April, resolved, finally, the pro- 
tracted institutional debate which had 
raged since the mid-1950’s concerning 
the management of the Soviet Union’s 
burgeoning research and development 
effort, a debate overshadowed by Soviet 
technological spectaculars. 

Some observers have looked upon 
the Soviet scientific organization as a 
carefully charted administrative pyra- 
mid with a well-developed decision- 
making mechanism. In some strategic 
areas of research, the Soviet principle 
of centralized decision-making has in- 
deed been often and easily translated 
into the mobilization of human and 
material resources for the attainment 
of given objectives. Without separating 





The author is research associate, Office of 
Scientific Personnel, National Academy of Sci- 
ences-National Research Council, Washington, 
D.C., and associate, Russian Research Center, 
Harvard University, Cambridge, Mass. 
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civilian or military, political or scien- 
tific, objectives, once a decision was 
reached, the planning mechanism set 
in motion the priorities to allocate the 
human and physical resources from 
different institutions and from diverse 
jurisdictions and localities. This was 
not true, however, of all areas of Soviet 
research and development. The current 
decree of the Soviet government and 
Communist Party forcefully pointed up 
the problem: “The presence at the 
Academy of Sciences of the USSR of 
a large number of specialized research 
institutions diverts its attention from 
the long-run basic problems of science, 
splinters its work force and material 
resources On many technical problems 
of a departmertal nature, which can be 
handled successfully in specialized re- 
search and development institutes. These 
shortcomings in the work of the Acad- 
emy and in other research and devel- 
opment organizations are largely a re- 
sult of the absence in the country of a 
single governmental unit which could 
coordinate research on a national scale. 
The absence of such a unit in many 
cases has led to unjustifiable duplica- 
tions in research and the irrations! use 
of scientific personnel and material re- 
sources” (J). 

While this problem has existed in 
the past, it is the recent expansion of 
the Soviet research establishment which 
has brought it most clearly to the fore. 
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Growth of the Soviet 
Research Establishment 


Table 1 provides data (2) on profes- 
sional higher-education graduates and 
on research and academic personnel 
engaged in the Soviet economy in gen- 
eral, and in the research establishment 
proper. During the last two decades, 
while the total nonagricultural employ- 
ment of workers and salaried employ- 
ees about doubled in the U.S.S.R., the 
over-all number of professionals and of 
research and academic personnel in- 
creased about four times. If we con- 
sider employment in the Soviet research 
establishment only, however, the num- 
ber of professional graduates of institu- 
tions of higher education and of re- 
searchers increased at rates substantially 
higher—five and eight times, respec- 
tively. 

What is particularly important, how- 
ever, is that the most rapid growth of 
the Soviet research establishment has 
taken place in the last 5 years. Between 
1956 and 1961 the total employment, 
the number of professional graduates, 
and the number of research and 
academic personnel engaged in Soviet 
research establishments has about dou- 
bled. This enormous quantitative expan- 
sion of the Soviet research establish- 
ment has constituted the moving force 
behind the recent institutional reorgan- 
ization. 


Soviet Research Effort by Field 


In the last two decades the dominant 
emphasis of Soviet research activity 
has been in the area of the natural 
sciences. This is shown by the data in 
Table 2, which indicate that in Janu- 
ary 1960 an overwhelming 73 percent 
of all Soviet research and academic 
personnel were concentrated in the 
physical and biological sciences. Within 
these areas, engineering fields alone ac- 
counted for over one-third of all re- 
search and academic personnel. 

Furthermore, the expansion of the 
Soviet research establishment in the late 
1950’s was again most rapid in the 
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Table 1. Total employment of professional graduates and research personnel in Soviet research 
establishments, in January of the year indicated (figures in parentheses, index). 





Number employed (in thousands) 








Item 
1941 1956 1961 

Workers and salaried employees in the 

national economy (total) 31,500.0 (100) 47,900.0 (155) 62,000.0 (197) 
Workers and salaried employees in re- 

search and development and science 

service (total) 361.0 (100) 992.0 (275) 1,732.0 (480) 
Workers and salaried employees in re- 

search and development only 267.0 (100) 585.0 (220) 1,220.0 (457) 
Graduates of professional institutions of 

higher education employed in the 

national economy 908.0 (100) 2,340.0 (258) 3,570.0 (394) 
Graduates of professional higher-educa- 

tion institutions employed in research 

and development establishments 91.0 (100) 240.0 (256) 449.0* (494) 
Research and academic personnel (total) 98.3 (100) 223.9 (227) 354.2 (361) 
Research and academic personnel em- 

ployed in research and development 

establishments only 26.4 (100) 96.5 (365) 200.1 (760) 

Research institutes 

Total number 1,821 2,797 3,548* 
Number of main research institutes 786 1,210, 1,608* 





* Data as of January 1960. 


fields of physical sciences and engineer- 
ing, as revealed by a comparison of 
the numerical growth of research and 
academic personnel by field between 
1956 and 1960 (Table 3). 

The current trends in training pro- 
fessionals (two-thirds of all graduates 
of institutions of higher education are 
in engineering and scientific fields) and 
research personnel (about three-quar- 
ters of them in the natural sciences) 
indicate that the emphasis in physical 
sciences and engineering will undoubt- 
edly continue in the 1960’s. This quan- 
titative expansion, though achieved at 
the expense of the humanities and so- 
cial sciences, has not lowered the qual- 
ity of scientific or engineering educa- 
tion, which has improved steadily over 
the years. 

The Soviet research establishment to- 
day employs a total of 995,000 workers 
and salaried employees; among them 
449,000 are professional graduates, and 
of these, 188,000 are research person- 
nel. Well over half of the researchers 
work in the physical sciences or engi- 
neering. They are employed in a maze 
of institutions united under different 
lines of subordination. 


Historical Roots 


The Soviet scientific research and 
development effort is presently an ex- 
tremely complex and highly organized 
area of human activity, where external 
institutional machinery determines to a 
large degree the vitality of scientific 
progress. In the last few decades in the 
Soviet Union, as well as in the rest of 
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the world, the role of the individual 
scientist as a vehicle of theoretical dis- 
covery has remained strong, and in 
many fields Soviet theoretical and basic 
research has displayed excellence pre- 
cisely because the scientist was left to 
his own devices. In other fields of re- 
search, however, individual endeavors 
gave way to a mass experimentation 
approach with two notable characteris- 
tics: on the one hand, a continuing 
process of differentiation of fields and 


Table 2. Soviet research and academic personnel, 
by field, January 1960. 


Number Percent 





Field 
Physical sciences > « Ae 
Engineering 106,960 34.5 
Physics-mathematics 24,831 8.0 
Chemistry 22,724 7.3 
Geology-mineralogy 8,990 2.9 
Subtotal 163,505 Ef 
Biological sciences 
Biology 13,611 4.4 
Agriculture and veterinary 
science 20,210 6.5 
Medicine and pharma- 
ceutical science 31,004 10.0 
Subtotal 64,825 20.9 


Arts, education, humanities, social sciences 


Philology 19,489 6.3 
History and philosophy 17,490 5.6 
Pedagogy 13,099 4.2 
Economics and planning 12,227 3.9 
Art and art history (fine 

arts, painting, sculpture; 

music; theater, cinema, 

and related fields) 4,805 1.6 
Architecture 1,339 0.4 
Geography 3,890 1.3 
Jurisprudence 2,112 0.7 
Subtotal 74,451 24.0 

Other (unspecified) 

Subtotal 7,241 2.4 
Total 310,022 100.0 








ever-increasing specialization within 
each field, and, on the other, the emer- 
gence of the “problem approach,” the 
interpenetration of distinct fields of 
science in the study of various natural 
phenomena and the resulting establish- 
ment of interdisciplinary fields. It is the 
latter which requires increasing atten- 
tion to basic and theoretical research. 
Ever since the golden age of Russian 
theoretical science, in the second half 
of the 19th century, there has been an 
institutional separation of scientific 
functions. Russian universities and in- 
stitutes of higher education concerned 
themselves with professional education 
primarily and, to some degree, with 
broad theoretical research. In addition, 
however, there was a separate network 
of scientific research establishments 
which dealt with experimental research, 
applied sciences, and highly specialized 
theoretical investigations. In the latter. 
category there were two types of insti- 
tutions: (i) the Academy of Sciences, 
dating back to 1724, under whose 
auspices a number of specialized insti- 
tutes were set up, and (ii) a number of 
independent research institutes, which 
began to emerge at the turn of the cen- 
tury, serving the applied technological 
demands of various industries or the 
research needs of specific fields in med- 
icine, agriculture, and so on. The Soviet 
regime inherited this institutional setup, 
in which the bonds between universities 
and research institutes were loosened 
long before the Communist Revolution. 
Until 1929 all Soviet research and de- 
velopment organizations (except those 
concerned with military areas) were 
directly subordinate to the Supreme 
Council of the National Economy, the 
highest governmental body in charge of 
industry, agriculture, and other pro- 
duction activities. It coordinated all 
research activity. In 1929, Pandora’s 
box was opened, however, when in- 
dividual research and development in- 
stitutes were placed under separate 
departmental auspices in order to in- 
tensify their work on practical applica- 
tions and to identify them more closely 
with service to individual sectors of 
industry. In the 1930’s the Supreme 
Council of the National Economy itself 
was broken up into a variety of admin- 
istrative departments, called “commis- 
sariats” (renamed “ministries” in 1945), 
each of which took charge of a given 
sector of industry. Under their auspices, 
specialized, functional research and de- 
velopment institutes were established 
and expanded in number and size. 
The Academy of Sciences of the 
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U,S.S.R., since 1933 subordinate to 
the Council of People’s Commissars 
(later Ministers), was under increased 
pressure to engage in applied research. 
In response to this pressure it set up 
many specialized engineering and tech- 
nological institutes. In 1935, in order 
to handle these applied-research tasks, 
a new Division of Engineering Sciences 
was added to the Academy’s other two 
divisions—those of natural sciences and 
mathematics and of the humanities. 
The Academy was again reorganized in 
1938, when the number of its divisions 
reached eight; and in order to broaden 
the regional base in scientific research, 
it was empowered to supervise the re- 
gional academies of science set up in 
the various Soviet republics first as 
branch offices, then as divisions, and, 
ultimately, as quasi-independent union- 
republic academies of science. 

It should be noted parenthetically 
that the Russian word nauka, though 
translated as “science,” has the broader 
connotation of the German Wissen- 
schaft and is not limited to the natural 
sciences; rather, it embraces all fields 
of human knowledge, and accordingly 
the Soviet academies of science and 
various departmental research _insti- 
tutes concern themselves not only with 
basic and applied natural sciences but 
with the whole spectrum of knowl- 
edge—the humanities, fine arts, and 
social and political disciplines. 

But whatever the agglomeration of 
the fields of knowledge included in the 
term nauka, there are essentially three 
distinct pyramids in the Soviet re- 
search establishment. As of January 
1960, these were as follows. 

1) Institutions of higher education— 
universities and institutes (766 institu- 
tions in all), employing 138,000 re- 
search and academic personnel, of 
whom about one-third were actively 
engaged in research. Their research was 
coordinated by the Scientific-Engineer- 
ing Council, established in 1956, within 
the Ministry of Higher and Secondary 
Specialized Education. 

2) The Academy of Sciences of the 
U.S.S.R.. and the 13 union-republic 
academies of science (603 institutions), 
employing 39,317 research workers (3). 
Their research was directed by the 
Presidium of the Academy of Sciences 
of the U.S.S.R., which-had a special 
Council for the Coordination of Re- 
search Work of the union-republic 
academies of science. 

3) Departmental (ministerial) re- 
search and development establishments 
(1005 institutions), employing 125,413 
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Table 3. Research and academic personnel in the U.S.S.R., by field, 1956 and 1960. 











Jan. 1956 Jan. 1960 

: Index 

Field Number % Number % a 
(thousands) (thousands) _— 
Physical sciences and engineering 103.3 46.0 163.5 52.7 159 

Biological sciences, medicine, 

agriculture 51.5 23.0 64.8 20.9 121 
Arts, humanities, social sciences 62.6 27.9 74.4 24.0 119 
Other 6.5 2.9 7.2 2.4 110 
Total 223.9 100.0 310.0 100.0 138 





researchers (of whom 18,830, in 494 
research institutes, were under the juris- 
diction of 13 functional, specialized 
academies). No central body for co- 
ordinating the research activities of 
these establishments existed until re- 
cently, and “institutional research” 
mushroomed along functional lines, re- 
search institutes being formed by the 
appropriate commissariat or ministry 
as the need arose—whether for steam 
turbines, coal mining, school construc- 
tion, or space research. 

The growth of the Soviet research 
establishment in the last three decades, 





and particularly since the mid-1950’s, 
was most intensive in pyramids 2 and 
3. Table 4 provides data, as of January 
1960, on the number of institutions and 
of research personnel in the Academy 
of Sciences of the U.S.S.R. and its 
regional units (the 13 union-republic 
academies of science) and in the 13 
functional academies. The remaining 
research personnel (106,653 in 509 re- 
search institutes) were employed in 
departmental research and development 
institutes under a variety of auspices— 
of state committees, ministries, and 
other administrative bodies. 


Table 4. Soviet academies of sciences, research institutes and research personnel, January 1960. 





Academicians: 


Research Research 





Year full and oe 
founded corresponding teed aaa 
members (No.) i . 

Academy of Sciences of the U.S.S.R. 1725 503 238 23,150 
Republic academies* 

Ukrainian S.S.R. 1919 208 60 3,274 

Belorussian S.S.R. 1928 76 30 1,250 

Uzbek S.S.R. 1943 60 30 1,838 

Kazakh S.S.R. 1945 76 37 1,500 

Georgian S.S.R. 1941 70 44 2,084 

Azerbaidzhan S.S.R. 1945 39 24 1,612 

Lithuanian S.S.R. 1941 35 15 499 

Latvian S.S.R. 1946 37 20 819 

Kirgiz S.S.R. 1954 26 12 544 

Tadzhik S.S.R. 1951 29 27 709 

Armenian S.S.R. 1943 59 28 1,074 

Turkmen S.S.R. 1951 37 21 466 

Estonian S.S.R. 1946 32 17 498 
Subtotal, republic academies 784 365 16,167 
Academy of Construction and Archi- 

tecture of the U.S.S.R. 1956 196 33 2,642 
Academy of Construction and Archi- 

tecture of the Ukrainian S.S.R. 1956 31 26 1,628 
Academy of Arts of the U.S.S.R. 1947 109 4 92 
Academy of Medical Sciences of the 

U.S.S.R. 1944 216 32 2,678 
Academy of Pedagogical Sciences of the 

R.S.F.S.R. 1944 92 13 577 
Academy of Communal Services of the 

R.S.F.S.R. 1931 4 359 
Subtotal, functional academies 644 112 7,976 
All-Union Academy of Agricultura! 

Sciences 1929 142 165 4,758 
Academies of Agricultural Sciences o 

Ukrainian S.S.R. . 1957 45 76 1,744 

Belorussian S.S.R. 1957 28 23 833 

Uzbek S.S.R. 1957 15 41 1,222 

Kazakh S.S.R. 1957 20 51 1,142 

Georgian S.S.R. 1957 21 11 564 

Azerbaidzhan S.S.R. 1958 6 15 591 
Subtotal, agricultural academies 277 382 10,854 
Grand total 2,208 1,097 58,147 





* The Moldav branch of the Academy of Science of the U.S.S.R., which had eight institutes and 272 researchers in 
1960, is scheduled to begin functioning as a republic academy of sciences in 1962. 
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Early Steps in Reorganization 


The debate concerning the Soviet 
science and research setup originated 
in July 1955. In February 1956, at the 
20th Communist Party Congress, 
Khrushchev declared: “The separation 
of research activity of the Academy of 
Sciences, departmental research insti- 
tutes and higher educational establish- 
ments can no longer be tolerated. This 
separation and lack of coordination 
prevent the concentration of research 
activity on the solution of major scienti- 
fic and engineering problems, lead to 
duplication of effort and waste of re- 
sources, and retard the introduction of 
research and engineering achievements 
into production” (4). 

Although similar thoughts had oc- 
casionally been expressed by other 
Soviet leaders, the demand to stream- 
line the organization of Soviet research 
and development had never before 
been presented so forcefully. In 1956 
and 1957 a veritable flood of pro- 
posals by prominent scientists appeared 
in the Soviet press, all aimed at 
streamlining the research organization 
along the lines of consolidating the 
fragmented, specialized units and 
breaking up departmental boundaries. 

Meanwhile, beginning in May 1957, 
the management of Soviet industry was 
also reorganized, and as a result, a 
number of departmental research in- 
stitutes, originally under the auspices 
of central ministries in charge of partic- 
ular branches of the Soviet economy, 
were transferred to regional economic 
councils or to the newly formed state 
committees. Among these, the most im- 
portant was the State Planning Com- 
mittee, the Gosplan, and to it was 
delegated supervision of the major in- 
dustrial research and development in- 
stitutes. By 1958, 323 industrial re- 
search institutes, employing 19,000 re- 
searchers, were subordinated to the 
Gosplan, which formed a new direc- 
torate, the Chief Administration of 
Research and Project Design Institutes 
(Glavniiproekt Gosplana). This new 
directorate was to coordinate applied 
technological research and _project- 
design activity in areas not under the 
jurisdiction of other state committees. 
The research and development insti- 
tutes of other state committees were to 
carry on both applied and basic re- 
search in areas under their jurisdiction, 
—that is, in radio electronics, aviation 
engineering, armaments engineering, 
chemistry, shipbuilding, automation, 
and machine building. The Gosplan, 
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together with the Academy of Sciences 
of the U.S.S.R., was to participate with 
these committees in delineating their 
research functions and coordinating 
their research objectives. Still, there was 
no central body to coordinate all re- 
search and development activity. 

In order to speed up the introduction 
of new technology and scientific dis- 
coveries into industry, a separate State 
Committee on Science and Technology 
was established (called Gostekhnika in 
1955, and since May 1957, Nauchno- 
Tekhnicheskii Komitet), which was to 
conduct research on the uses of new 
technology, disseminate technological 
information, and supervise the adapta- 
tion of foreign technology. 


Academy of Sciences in a Squeeze 


During this reorganization turmoil, 
the Academy. of Sciences of the 
U.S.S.R. came under particularly heavy 
fire, being pressed not only to intensify 
its activities on applications for in- 
dustry but also to direct and coordinate 
research applications in the other re- 
search pyramids. There were three ex- 
ternal pressures upon the Academy: 
political, industrial, and educational. 

Political. The Communist leadership 
insisted upon certain results: an effi- 
cient and economical way of conduct- 
ing research and development activities, 
a reduction of departmental barriers 
and unnecessary duplication, and espe- 
cially a speeding up of the application 
of research results (particularly in 
engineering technology) to industry. 
It wanted the Academy’s work geared 
to these objectives and made “closer to 
production.” 

Industrial. The managers of Soviet 
industry, who were sometimes not 
eager or were even reluctant to use 
new technology for fear of disrupting 
production activity, wanted the Acad- 
demy’s researchers not only to make 
general scientific investigations and to 
engage in design and development of 
products and processes but also to en- 
gage in model production and testing 
and, thereafter, to participate in get- 
ting the “bugs” out. 

Educational. Although much -has 
been said about the research activities 
of Soviet universities and other in- 
stitutes of higher education, for the 
last three decades the main preoccupa- 
tion of these institutions has been with 
academic tasks largely separated from 
applied research. Universities had in- 
deed carried out some highly theoreti- 


cal work, but they had only limited 
access to experimental research facili- 
ties. Their applied (contractual) re- 
search for industry was small in terms 
of funds and facilities, though aca- 
demic personnel frequently participated 
in the research effort through multiple- 
job holdings in facilities outside higher 
education. The educational reforms in- 
troduced in 1958 demanded the ex- 
pansion of research work in higher 
educational institutions proper, and 
universities and institutes turned their 
attention toward the possibility of 
merging with or absorbing some of the 
separate research institutes. In order 
to strengthen instruction in practical 
applications and to increase research 
activity, demands were made that a 
number of the research institutes of the 
academies should be transferred to 
higher education auspices. 

These three external pressures, how- 
ever, were counteracted by one funda- 
mental internal force. The scientists 
engaged in fundamental and theoretical 
research and the leaders in numerous 
research institutions of the Academy 
not concerned directly with applications 
desired greater emphasis on basic re- 
search. They urged the separation of 
activities and the setting up of new 
research institutes, not along special- 
ized functional lines but as research 
task forces or problem areas with an 
interdisciplinary orientation. In effect, 
the working theoretical scientists and 
the leaders of the Academy wanted to 
rid it of activities which were not gen- 
uinely scientific. Largely in compliance 
with this view and, indeed, in full 
recognition of the problem, A. N. Ne- 
smeianov, then Academy president, 
suggested in 1958 that Soviet science 
“can no longer rely upon foreign basic 
science . . . what we need now first of 
all is to develop the fundamental sci- 
ences. . . . We need to take decisive 
measures for the speediest and most 
widespread development of basic sci- 
ence” (5). He then proposed a sharp 
reorganization of scientific inquiry, 
with the Academy dealing only in basic 
research; applied research in technical 
and engineering fields was to be carried 
on by industrial institutes. The radical 
nature of Nesmeianov’s proposals—that 
is, the separation of basic and applied 
research activities—was a blow at a 
cardinal assumption of Soviet dogma, 
that the “unity of theory and practice” 
is fundamental to dialectical material- 
ism and that the separation of applied 
and theoretical objectives in research 
is inadmissible. 
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In the summer of 1959 Khrushchev 
recognized that a “difficult situation 
exists in some institutions of the Acad- 
emy” (6) and suggested that some 
technical institutes be removed from 
its jurisdiction since the work of the 
Academy had become too big and com- 
plex for it to continue to have so many 
technological research functions. The 
Academy was to continue with experi- 
mental research in biology, geology, and 
some other areas of the natural sciences, 
but not in such areas of technology as 
mining, coal, metallurgy, transporta- 
tion, and other kinds of industrial re- 
search. 


In keeping with Khrushchev’s pro- 
posals, Acadeinician N. N. Semenov 
suggested that the technical sciences 
division of the Academy be abolished 
altogether and that its other divisions 
be consolidated into three major groups: 
experimental, geological, and social 
sciences (7). Research in engineering 
and the humanities should be carried 
on elsewhere. Such an arrangement 
would break down the narrow discipli- 
nary lines of former Academy divisions 
and institutes. In the newly organized 
institutes, the departmental assignment 
of specialized fields to separate re- 
search institutes would thus be abol- 





ished. In the ensuing debate Semenov’s 
proposals were supported by many lead- 
ing scientists but were opposed by the 
applied-technology hierarchy within the 
Academy’s Engineering Sciences Divi- 
sion, who wanted the Academy to re- 
tain tasks in applied technology so as 
to have a link with industry and pro- 
duction. Despite the opposition, Seme- 
nov continued to contend that the “re- 
sponsibility to the state for developing 
science should rest with the Academy, 
and for its technical application with 
the appropriate research institutes else- 
where” (8). The same note was struck 
again in 1960 by other theoretical sci- 
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Who’s Who in the New State Committee on thfyor. 


Konstantin N. Rudnev (b. 1911), appointed Chair- 
man of the State Committee on the Coordination of 
Research and Development of the Council of Minis- 
ters of the U.S.S.R. with the rank of Deputy Chair- 
man of the Council of Ministers of the U.S.S.R. on 
10 June to replace Khrunichev. Former Chairman of 
the State Committee on Armaments Engineering of 
the Council of Ministers of the U.S.S.R. since its 
establishment in 1958. Mechanical engineer; gradu- 
ate of Tula Mechanical Institute, 1934. Chief design 
engineer in armaments research office, 1934-40. 
Chief engineer, then plant director, in armaments 
plant, 1940-47. Head of division in the Ministry of 
Armaments, 1948-52; Deputy Minister of Arma- 
ments Industry, 1953-57. Member of the Communist 
Party since 1941. 


Mikhail V. Khrunichey (b. 1901), briefly chairman 
of the State Committee. In the 1920’s was in the Red 
Army and secret police administration. In 1930-32 
studied first in the Voroshilovgrad branch of the 
Ukrainian Industrial Management Academy, sub- 
sequently transferring to the All-Union Industrial 
Management Institute in Moscow. Industrial man- 
agement work and later a director of armaments 
plant, 1932-37. Deputy Head of the Commissariat 
(Ministry) of Armaments Industry, 1938. Deputy 
Head of Commissariat of Aircraft Industry, 1932-42. 
First Deputy Commissar of Armaments Supply and 
Procurement, 1942-46, with the military rank of 
lieutenant general. Minister of Aircraft Industry of 
the U.S.S.R., 1946-53. First Deputy Minister of 
Medium Machine Building (Soviet atomic energy, 
weapon development, and production industries), 
1953-55. Deputy Prime Minister of the Council of 
Ministers of the U.S.S.R., 1955-56. Deputy Head 
of the State Economic Commission, 1956-57. Dep- 
uty Chairman of the State Planning Committee, 
1957-10 April 1961. Received Stalin prize twice (for 
aircraft development work) and seven Orders of 


Lenin. Hero of Socialist Labor (highest civilian 
award). Member of the Communist Party since 1921. 
Member of the Central Committee of the Communist 
Party of the Soviet Union since 1952. Died suddenly 
on 2 June. 


Mstislay V. Keldysh (b. 1911 in Riga), newly 
elected President of the Academy of Sciences of the 
U.S.S.R. (19 May 1961). Applied mathematician, 
expert in aerodynamics and rocket development. Son 
of a prominent civil engineer (Major General V. M. 
Keldysh, of the Kuibyshev Military Engineering 
Academy and the Academy of Construction and 
Architectural Sciences of the U.S.S.R.). Graduate of 
Moscow State University, 1931. Doctor of physical- 
mathematical sciences, 1938 (defended his thesis at 
Steklov Mathematics Institute of the Academy). Pro- 
fessor of mathematics and member of the academic 
council (governing board) of Moscow State Uni- 
versity, 1932 to the present. Joined the Soviet Un- 
ion’s major aircraft development center, TsAGI 
(Central Aero-Hydrodynamics Research Institute), 
in 1931, where during the 1930’s he directed re- 
search on dynamic properties of wings, vibration 
problems, landing gear, and other problems of air- 
craft design and development. In 1943, was chosen 
to head the research work in the then top secret 
“Research Institute No. 1” of the Ministry of Air- 
craft Industry, which engaged in Soviet rocket de- 
velopment. Did research and development work at a 
“research institute” (classified) of the Ministry of the 
Aircraft Industry in the 1940’s and early 1950’s. At 
the time of his election to the Academy’s presidency 
was “director” and “leader of research” (classified) 
of “several research institutes conducting work in 
mathematics and mechanics and charged with the 
solution of major scientific and engineering develop- 
ment problems in the area of special technology”— 
that is, the group of research and development cen- 
ters for missiles and space vehicles managed mainly 
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entists, and Nesmeianov declared anew 
his belief that the Academy should 
engage primarily in basic research (9). 
The new governmental decree re- 
solves the issue in part at least. It 
declares: “Institutes of applied special- 
ized profiles, upon the recommendation 
of the Academy’s Presidium, will be 
transferred to other state committees, 
ministries and departments” (10). If 
all the Academy’s institutes with a 
technological profile were thus affected, 
it would mean the transfer of up to 50 
research institutes with an estimated 
8000 researchers. Furthermore, the re- 
gional branch offices of the Academy 


of Sciences of the U.S.S.R. will be 
transferred to the jurisdiction of the 
Council of Ministers of the Russian 
S.F.S.R. and will be operated by re- 
gional economic councils. 

In fact, such a decision has already 
been adopted at the plenary session of 
the Presidium of the Academy of Sci- 
ences of the U.S.S.R., held on 10 April 
(11). Accordingly, exclusive of the 
Academy’s affiliates (branch offices) 
(12), the transfers have so far affected 
about 30 research institutes, employing 
bewteen 2000 and 3000 researchers. 
Affected were not only the industrial 
research institutes of the Academy’s 


Engineering Sciences Division (J3) but 
also institutes under other divisions of 
the Academy (/4), the latter also en- 
gaged primarily in applied technical 
research. Despite these proposed cuts, 
the Academy will still remain the 
U.S.S.R.’s largest research unit. 

The decree stipulated further that 
“the work of the Academy should be 
focused primarily on the most important 
long-run problems of science under- 
going rapid development.” These func- 
tions are precisely the ones which the 
Academy leadership has been asking 
for. The Academy will continue to (i) 
exercise scientific and methodological 





by the State Committee on Aviation Engineering, 
Ministry of Medium Machine Building (weapons de- 
velopment), and Ministry of Defense. Was elected 
corresponding member of the Academy, 1943; full 
member, 1946; member of the Presidium, 1953; vice 
president, 1960. Received two Stalin prizes (1942 
and 1946, for work in aerodynamics and aircraft 
development); received the Lenin prize (sometime 
after 1956, for undesignated work). Is noted for theo- 
retical work in mathematics (calculus of variations, 
boundary-value problems), applied mathematics 
(computers), and aerodynamics (has published no re- 
search papers in the latter field since 1939). Has re- 
ceived five Orders of Lenin and three Orders of the 
Red Banner and was named a Hero of Socialist Labor 
(presumably on 22 December 1957 at the time of 
the awards for the development of the first Soviet 
satellite). Communist Party member since 1949. 


Viacheslay P. Eliutin (b. 1907), Minister of 
Higher and Secondary Specialized Education. Engi- 
neer; graduate of Moscow Institute of Steel, 1930. 
Worked as engineer and plant manager in the 1930’s. 
Received degree of doctor of engineering sciences in 
1947 and was simultaneously certified in the rank of 
professor. Director of the Moscow Institute of Steel, 
1945-51. Deputy Minister of Higher Education, 
1951-54. Received Stalin prize (in metallurgy) in 
1952. Communist Party member since 1929. Candi- 
date member of the Central Committee of the Com- 
munist Party of the Soviet Union since 1956. 


Anatolii I. Kostousov (b. 1906), Chairman of the 
State Committe on Automation and Machine Build- 
ing of the Counci! of Ministers of the U.S.S.R. (set 
up in 1959), with the rank of minister. Mechanical 
engineer; graduate cf Moscow Machine Tool Insti- 
tute, 1932. Worked as engineer, manager, and plant 
director in a number of machine building plants, 
1933-46. Deputy Minister (1946-49) and Minister 


foordination of Research and Development 


(1949-53) of Machine Tool Industry of U.S.S.R. 
Minister of Machine Building Industry of U.S.S.R., 
1953-54 (which was reorganized as Ministry of 
Machine Tool and Instrument Industry of the 
U.S.S.R. 1954-57). Chairman of the Moscow Re- 
gional Economic Council, 1957-59. Communist 
Party member since 1925. Candidate member of the 
Central Committee of the Communist Party of the 
Soviet Union since 1952. 


Victor S. Fedorov (b. 1912), Chairman of the 
State Committee on Chemistry of the Council of 
Ministers of the U.S.S.R. since its establishment in 
1958. Chemical engineer; graduate of Groznyi 
Institute of Petroleum Engineering, 1932. Taught 
there and received candidate degree in engineering 
in 1937; was certified associate professor and headed 
the department of petroleum processing technology, 
1937-40. Petroleum plant manager and petroleum 
trust executive in the newly developed oil region 
of the Volga, 1940-53. Mainly responsible for the 
development of fields, cracking installations, and 
petrochemical plants in that region. Deputy Minister 
of Petroleum Industry, 1953-57. Chairman of the 
Bashkir A.S.S.R. Regional Economic Council, 
1947-58. Received two Stalin prizes (for petrochemi- 
cal research). Made a Hero of Socialist Labor in 
1952. Has been a member of the Communist Party 
since 1939. 


Alexandr F. Garmashev (b. 1907), Chairman of 
the Committee on Inventions and Discoveries of the 
Council of Ministers of the U.S.S.R. since its 
establishment in 1956. Mechanical engineer; has the 
degree of candidate in engineering sciences. In the 
late 1930’s and 1940’s was manager and director of 
several shipbuilding, locomotive, and _ military 
ordnance plants in the Ukraine. Received Stalin prize 
(for work in welding technology). Communist Party 
member since 1938. 
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leadership and conduct research in the 
area of the natural sciences (physics, 
mathematics, biology, and sciences of 
the “universe and earth”—that is, geol- 
ogy, oceanography, astronomy, and so 
on); (ii) aid the academies of science 
of the union republics in their research; 
(iii) coordinate the activities of all the 
Academy’s institutions; (iv) maintain 
scientific ties with foreign countries; 
and (v) engage in the training of re- 
search personnel. 

The Academy’s role in regard to the 
first of these functions was clarified 
further to include the coordination of 
work in those areas conducted not only 
at the Academy but by other institutes 
as well, especially by institutes of higher 
education (/5). Although the decree 
does not make it clear, according to 
Topchiev, the Academy’s role in main- 
taining scientific ties with foreign coun- 
tries (function iv) will be to coordinate 
scientific exchanges with foreign coun- 
tries, and particularly to expand its 
activities in the exchange and dissemi- 
nation of scientific information. 


Replacement of Academy President 


Closely associated with the reorgani- 
zation moves was the sudden replace- 
ment of the Academy’s president, A. N. 
Nesmeianov, by academician Mstislav 
Vsevolodovich Keldysh, who was 
elected to that post at an extraordinary 
general meeting of the Academy on 19 
May 1961 (J6). 

The official version of the meeting 
was that former president Nesmeianov 
had petitioned to be relieved of his 
duties because of the “expiration” of 
his second 5-year term. Technically, 
however, his term would not expire 
until October 1961, for he had been 
elected by the general assembly of the 
Academy on 13 October 1956. Further- 
more, the extraordinary plenary session 
of the Academy was called together 
on 19 May by its presidium (governing 
board) to “ratify” the resignation of 
Nesmeianov, which had already been 
“accepted,” and to elect a new presi- 
dent, whose candidacy was already en- 
dorsed by the Academy’s presidium, 
the “Communist Party group” of the 
Academy, and by the Academy’s eight 
divisions. Each of these moves indicates 
clearly that Keldysh, the new president, 
was co-opted prior to the formal elec- 
tion. 

The new president, professor and 


1988 





doctor of mathematical sciences, had a 
meteoric rise in the largely conservative 
body of the Academy. Elected as a cor- 
responding member in 1943, he became 
a full member in 1946 (the span be- 
tween the two ranks is usually at least 
10 years). In 1953 he was elected a 
member of the Academy’s ruling body, 
the Presidium, and became its vice 
president in February 1960. He did not 
at any time belong to the internal man- 
agerial hierarchy of the Academy; all 
of his research work in mathematics, 
aerodynamics, and aircraft and rocket 
technology was done outside the Acade- 
my’s research institutes. He thus be- 
longed to that group of academicians 
(about half of the total of 161 full and 
369 corresponding members) who are 
in the Academy of Sciences of the 
U.S.S.R. as honorific members and top- 
level research coordinators rather than 
staff scientists in one of its many re- 
search institutions. Kelydysh has strong 
ties with the new head of the Committee 
on Coordination, having worked in re- 
search organizations headed by Khruni- 
chev. In addition, he has a long-stand- 
ing working relationship with other 
members of the new committee active 
in the Soviet military research and de- 
velopment effort. 

Keldysh’s appointment to the presi- 
dency was undoubtedly influenced by 
the fact that in addition to his scien- 
tific competence he has had wide or- 
ganizational experience with the large- 
scale research and development effort 
outside the Academy. It is this re- 
search-management experience which 
is needed in the institutional rorganiza- 
tion and streamlining of the Academy’s 
research functions that are presently 
under way. 


Functions of the New Committee 


The State Committee on the Coordi- 
nation of Research and Development 
will supervise the work of research and 
development establishments in fulfilling 
the most important scientific research 
and engineering objectives in accord- 
ance with the directives of the party 
and the government. It will coordinate 
work of the Academy of Sciences of 
the U.S.S.R., of the academies of sci- 
ence of the union republics, and of 
ministries and departments in fulfilling 
the most important research objectives 


of an interdepartmental or interdis- 


ciplinary nature, and it will guide the 


direction of research and development 
work up to the point of its adaptation 
in the national economy. 


On the recommendation of the 
Council of Ministers of the U.S.S.R., 
the councils of ministers of the union 
republics, and ministries and depart- 
ments, the State Committee on the 
Coordination of Research and Develop- 
ment, together with the State Economic 
Council (77) and the State Planning 
Committee, will develop plans for re- 
search and development work in the 
country at large and for the introduc 
tion of scientific and engineering accom- 
plishments in production. The task of 
the new committee will be to propose 
these plans for approval to the Council 
of Ministers of the U.S.S.R. 

The Committee on the Coordination 
of Research and Development will have 
the following specific areas of respon- 
sibility. 

1) National control over the fulfill- 
ment, by all ministries, departments, 
and organizations, of the most im- 
portant research objectives, and super- 
vision, on an operational! basis, of the 
introduction of scientific and engineer- 
ing accomplishments into production. 

2) Preparation of proposals for re- 
search and development work of great- 
est national significance, and concern 
with problems posed by new discoveries 
and inventions. 

3) Preparation of proposals concern- 
ing the supplying of research and devel- 


opment organizations with special 
equipment, installations, and _ instru- 
ments. 


4) Study and evaluation of scientific 
and engineering accomplishments (both 
domestic and foreign) with a view to- 
ward their possible introduction into 
the national economy. 

5) Coordination of all interdepart- 
mental activities of ministries, depart- 
ments, and research and development 
organizations in the area of science 
and technology. 

6) Preparation of annual and long- 
run plans for financing material-tech- 
nical supply of research and develop- 
ment work, including plans for capital 
investment for the development of sci- 
ence. 

7) Certification of major research 
and development institutes; such in- 
stitutes may be opened only with the 
committee’s consent. Particular atten- 
tion of the committee will be devoted 
to designating “major” institutes (golo- 
vnyi instituty) which are interdiscipli- 
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nary or “problem” research centers. 
They have been set up under different 
departmental auspices in recent years, 
and it is anticipated that a number of 
additional such centers will be estab- 
lished in the near future. 

The former State Committee on Sci- 
ence and Technology has been absorbed 
by the new State Committee on Coordi- 
nation. The All-Union Institute of Sci- 
entific and Technical Information, 
which was originally subordinate to 
this State Committee (though operated 


jointly with the Academy of Sciences 
of the U.S.S.R.), has now been trans- 
ferred to the new State Committee on 
Coordination. As in the past, the In- 
stitute of Scientific and Technical In- 
formation will be the central trans- 
lating, abstracting, and disseminating 
organ for domestic and foreign sci- 
entific information. 

Except for this scientific informa- 
tion institute, the new State Committee 
on the Coordination of Research and 
Development will not operate any re- 


search institutes directly; rather, its 
function will be to guide research 
activities of an interdisciplinary nature, 
or of great importance, in research 
units under the jurisdiction of other 
state committees or departments. How- 
ever, as in the past, specialized re 
search and development work not of 
national significance and not of an 
interdepartmental or interdisciplinary 
nature will be coordinated by ministries, 
departments, and regional economic 
councils. 








Soviet Leaders in Charge of Other State Committees 


Concerned with Research and Development 


Petr V. Dement’ev (b. 1907), Chairman of the 
State Committee on Aviation: Engineering of the 
Council of Ministers of the U.S.S.R. since its estab- 
lishment in 1957. Aviation engineer; graduate of 
Zhukovskii Air Engineering (Military) Academy, 
1931. In the 1930’s was in air force development 
and procurement work. Deputy Minister of Aircraft 
Industry, 1953-57 (until its reorganization into the 
State Committee on Aviation Engineering). Hero of 
Socialist Labor (highest civilian award). Communist 
Party member since 1938. Candidate member of the 
Central Committee of the Communist Party of the 
Soviet Union since 1952; has been a full member 
since 1956. 


Leonid Smirnov, new Chairman of the State Com- 
mittee on Armaments Engineering of the Council of 
Ministers of the U.S.S.R., appointed 10 June. 


Valerii D. Kalmykov (b. 1908), Chairman of the 
State Committee of Radio-Electronics of the Council 
of Ministers of the U.S.S.R. since its establishment 
in 1957. Electrical engineer; graduate of Moscow 
Power Institute, 1934. Worked as chief design engi- 
neer in communciations research and development 
institute, 1934-49, Headed division of shipbuilding 
industry, 1949-51. On “special assignment” with the 
Council of Ministers, 1951-54. Minister of Radio- 
Electronics Industry, 1954-57. Communist Party 
member since 1942. Candidate member of the Cen- 
tral Committee of the Communist Party of the Soviet 
Union since 1956. 


Aleksandr I. Shokin, Chairman of the State Com- 
mittee on Electronic Engineering of the Council of 
Ministers of the U.S.S.R., which was formed on 
8 March 1961. Electronics engineer. In the mid- 
1950’s, Deputy Minister of the Radio-Electronics 
Industry, and since 1958, Deputy Chairman of the 
State Committee on Radio-Electronics. 


Boris I. Butoma (b. 1907), Chairman of the State 
Committee on Shipbuilding of the Council of Minis- 
ters of the U.S.S.R. since its establishment in 1957, 
with the rank of minister. Naval engineer; graduate 
of Leningrad Naval Engineering Institute, 1936. 
Headed a number of shipbuilding works, 1936-48. 
Deputy Minister of Shipbuilding Industry, 1944-53. 
Received Stalin prize (for shipbuilding technology) 
in 1949. Communist Party member since 1928. 


Vasilii S. EmePianov (b. 1901), Chairman of the 
State Committee on Atomic Energy (peaceful uses) 
of the Council of Ministers of the U.S.S.R. since its 
establishment in the summer of 1960. Metallurgi- 
cal engineer; graduate of Moscow Mining Academy, 
1928. In the 1930’s worked in research and develop- 
ment organizations on ferro alloys, armor plates, and 
electric furnaces. Deputy Chairman of the Com- 
mittee on Standards and Measurements, 1940-47. On 
“special assignment” with the Council of Ministers 
of the U.S.S.R., 1948-57. Chairman of the Main 
Administration on Uses of Atomic Energy of the 
Council of Ministers of the U.S.S.R. (subsequently 
reorganized into Committee). Candidate member of 
the Academy of Sciences of the U.S.S.R. since 1953. 
Received Stalin prize (for ferro alloys). Communist 
Party member since 1919. 


Efim P. Slavskii (b. 1898), Minister of Medium 
Machine Building Industry [Soviet Atomic Energy, 
Weapons (including rockets) Development and 
Manufacturing Industry] of the Council of Ministers 
of the U.S.S.R. Metallurgical engineer; graduate of 
Moscow Institute of Polymetals and Gold, 1933. 
Director of Dnepropetrovsk and Ural Aluminum 
Combines in the late 1930’s and 1940’s. In the 
1950’s was Deputy Minister of the Polymetal In- 
dustry and Deputy Minister of Medium Machine 
Building Industry. Received Stalin prize. Communist 
Party member since 1918. 








23 JUNE 1961 


1989 











Composition of Committee 


on Coordination 


The new decree, which establishes 
for the first time in Soviet history a 
central coordinating agency (see Fig. 1) 
for research and development for the 
country at large, is to be headed (see 
pages 1986 and 1987) by a Deputy 
Chairman of the Council of Ministers 
(Rudnev, replacing Khrunichev who 
died on 2 June). 

It is to be composed of the President 
of the Academy of Sciences of the 
U.S.S.R. (Keldysh); the Minister of 
Higher and Secondary Specialized Edu- 
cation (Eliutin); the Chairman of the 
State Committee on Automation and 
Machine Building (Kostousov); the 
Chairman of the State Committee on 
Chemistry (Fedorov); the Chairman of 
the Committee on Inventions and Dis- 
coveries (Garmashev); one of the 
deputy chairmen of the State Economic 
Council; and one of the deputy chair- 
men of the State Planning Committee. 

There will also be “other members” 
of the Committee on the Coordination 
of Research and Development from 
other state committees dealing with 
research and development work (see 
page 1989). They were not identified 
by position in the official decree, but 
definitely the heads of other govern- 
mental departments dealing with re- 
search ahd development will be repre- 
sented. These are chairmen of the 
following agencies: state committees on 
aviation engineering (Dement’ev), arma- 
ments engineering (Smirnov), radio- 
electronics (Kalmykov), electronics 
(Shokin), shipbuilding (Butoma), and 
atomic energy (Emel’ianov) and the 
Minister of Medium Machine Building 
(atomic, and other, weapon develop- 
ment and production) (Slavskii). 

The State Committee on the Co- 
ordination of Research and Develop- 
ment will form a permanent scientific 
council, consisting of leading specialists 
and scientists of the country, with ad- 
visory functions, and when the occa- 
sion arises, will call for special boards 
to study specific problems. Particular 
significance should be assigned to this 
latter function. Soviet sources indicate 
that “although about 80 permanent 
scientific councils are in existence to- 
day . . . about one-half of these are 
inactive” (15). The new State Com- 
mittee on Coordination will thus stream- 
line and activate the work of scientific 
councils in diverse areas of research, 
whose activities will now be coordi- 
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nated by a permanent scientific coun- 
cil (78). Through these measures, it is 
hoped, the “leadership role of scientists 
now working within the Academy of 
Sciences of the U.S.S.R. will intensify 
in the work of the nation’s research 
organization” (19). 

The new measures to coordinate re- 
search and development are obviously 
designed to give even more emphasis 
to the physical sciences and engineering 
and to complex interdisciplinary prob- 
lems. The important consideration is 
that the new chairman of the State 
Committee on Coordination, Khruni- 
chev, is a person with a strong military 
research and development background. 
This is also true of the new president 
of the Academy, who has not only gen- 
eral background in military research 
and development but also specific ex- 
perience in rocket and space technology. 
In addition, most of the heads of the 
state committees with research and de- 
velopment functions have — similar 
backgrounds. All are former engineers 
active in defense fields, now turned in- 
dustrial managers and political leaders. 
Upon examining their background, it 
is hard to resist the view that their past 
interests have profound implications 
for the future of Soviet efforts in 
applied research—that these efforts will 
be technological in nature, with strong 
military overtones. 

Whatever the outcome may be, how- 
ever, the intended result of the estab- 
lishment of the State Committee on 
Coordination will be the synchroniza- 
tion of the Soviet research and develop- 
ment effort in the distinct institutional 
pyramids—academies, institutions of 
higher education, and departmental re- 
search institutes. What is even more 
significant, perhaps, is that responsi- 
bility for decisions on scientific re- 
search and development has now been 
lodged at the pinnacle of the Soviet 
power hierarchy; for the first time in 
Soviet history the Deputy to the Prime 
Minister (that is, Khrushchev himself) 
has been charged with the supervision 
of these tasks. 

In regard to other areas of research, 
it appears that the earlier setup will 
continue, as follows. 

1) Research on economics will be 
coordinated by the State Economic Re- 
search Council of the Council of 
Ministers, which was set up in 1959, 
with the chief role assigned to the 
economic research outlets of the Gos- 
plan and with ever-increasing use of 
mathematical methods of centralized 





planning and production programming. 

2) As in the past, the Academy of 
Medical Sciences will supervise and 
conduct medical research, largely spon- 
sored by the Ministry of Public Health. 

3) The Ministry of Agriculture, 
with its All-Union Academy of Agri- 
cultural Sciences and five other regional 
agricultural academies set up _ since 
1957, will coordinate agricultural re- 
search and manage experimental agri- 
cultural stations. In the areas of medi- 
cine and -biology, the Academy of 
Sciences of the U.S.S.R. will not be 
involved, save for basic research in 
biology. 

4) The State Committee on Con- 
struction, with its own Academy of 
Architecture and Construction (organ- 
ized in 1956), will coordinate con- 
struction and architectural research. 

5) Political studies (especially ‘“phi- 
losophy”) will be guided largely by the 
Academy of Social Sciences of the 
Central Committee of the Communist 
Party. 

6) In the field of education, the 
Academy of Pedagogical Sciences of 
the Russian S.F.S.R. remains the na- 
tional clearinghouse and conducts major 
research. 

The new centralization of the de- 
cision-making mechanism in Soviet re- 
search and development will no doubt 
be manifested in the near future. 
Freed from burdensome technological 
tasks, the Academy of Sciences will be 
able to concentrate more effort on basic 
research. Many of its institutes are ex- 
pected to be reorganized. The Soviet 
authorities hope that the new measures 
will (i) improve the system of both 
long-run and current planning of re- 
search and the coordination of research 
and development activity; (ii) further 
strengthen theoretical research on the 
most important scientific problems 
(within the Academy); (iii) allow for 
closer ties between departmental re- 
search institutes and industry; and (iv) 
allow more rapid introduction of re- 
search-and-development results into 
production technology and the econ- 
omy. 

The separation of functions must be 
clearly recognized. On the operational 
level the Academy will delegate some 
of its former functions in applied in- 
dustrial research to other agencies, and 
within the Academy, institutes will be 
reorganized in such a way as to cope 
with complex interdisciplinary and 
basic research problems, including a 
very likely increase in the Academy’s 
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role in space exploration. On the con- 
sulting and decision-making level the 
prestige and resources of the Academy 
will, as in the past, be utilized, though 
now there will be an intermediate link 
—the Committee on Coordination— 
which will in turn exert pressure upon 
the Academy. 

Perhaps these measures are a recog- 
nition of a turning point in Soviet 
technological development: the point 
of diminishing returns from adapta- 
tion of Western technology has been 
reached, and new and vigorous domes- 
tic technological development becomes 
a necessity. The Soviet political leader- 
ship appears to be convinced that the 
invigoration of technological research 
activities can be more profitably 
achieved by separating functions, and 
by freeing the Academy of Sciences of 
the U.S.S.R. to concentrate its atten- 
tion on basic research and the long-run 
problems of science. Reorganization of 
the Soviet research setup could provide 
an effective mechanism for channeling 
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scientific manpower and material re- 
sources. into strategic areas of the 
physical sciences and engineering to- 
ward the achievement of the most 
ambitious long-run goal of Soviet power 
—world leadership in science and 
technology. 

Note added in proof. Right after this 
article had gone to press, Mr. Khruni- 
chev died of a heart attack on 2 June. 
His successor, Konstantine N. Rud- 
nev, was named on 10 June. 
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Fractionation 


Bomb Debris 


The fractionation systematics for high-yield bursts 
at sea-water and coral surfaces are delineated. 


In radiochemical studies of nuclear 
detonation debris, the term fractiona- 
tion is used to indicate any alteration of 
radionuclide composition occurring be- 
tween the time of detonation and the 
time of radiochemical analysis which 
causes the debris sample to be nonrep- 
resentative of the’ detonation products 
taken as a whole. The phenomenon has 
recently been discussed by Adams et al. 
(1) and Edvarson et al. (2) and treated 
theoretically by Magee (3). The altera- 
tion observed may have taken place in 
various stages, and it is helpful to clas- 
sify these according to the type of 
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processes involved, to list them in ap- 
proximately chronological order, and to 
group them under two headings—nat- 
ural and artifactitious. 

Natural fractionation begins with the 
condensation of radioactive and inert 
material from the fireball, some radio- 
nuclides being preferentially taken up 
by the condensed phase. The intimate 
mixture of condensed and solid phase 
may begin to separate while condensa- 
tion is still in progress, with further 
separation of the condensate, according 
to size, density, and shape, occurring 
under the influence of wind, gravity, 


1 


- 


. This information was given me by A. V. 
Topchiev, vice-president of the Academy of 
Sciences of the U.S.S.R., in Washington, 
D.C., on 26 and 27 April. Dr. Topchiev at- 
tended the plenary session just before his 
trip to the United States. He indicated that 
no public announcement of this decision has 
been made as yet, since the Presidium is 
still considering the possibility of additional 
transfers of research institutes. 

12. There are seven branches: Bashkir, Dagestan, 
Karelian, Kazan’, Kola, Komi, and Ural. 
An eighth branch—Moldav—is currently be- 
ing reorganized into a union-republic acad- 
emy. The seven branches are being trans- 
ferred to the jurisdiction of the Council of 
Ministers of the Russian S.F.S.R. 

13. Dr. Topchiev gave as examples the Institutes 
of Complex Transportation Problems, Metal- 
lurgy, and Hydraulic Engineering and Water 
Economy. In addition, the Institute of Mining 
will be transferred from the Academy [Vestnik 
Akad. Nauk. 31, No. 4, 3 (1961)]. 

14. Dr. Topchiev gave the following as examples: 
in the Geography-Geology Division, Institutes 
of Geological Prospecting and of Coal Geol- 
Ogy; in the Chemical Division, Institutes of 
Silicate Chemistry and of Forestry and Wood 
Chemistry; in the Biological Division, the 
Institute of Soil Sciences. 

15. Ekonomicheskaia gazeta (20 Apr. 
16. Pravda (20 May 1961); 
gazeta (20 May 1961). 

17. Some of the Academy’s institutes which 
deal with long-range planning, such as the 
Institute of Complex Transportation Prob- 
lems, have been transferred to the operating 
auspices of the State Economic Council. 

18. This was especially emphasized by Dr. 
Topchiev. 

19. Pravda (21 Apr. 1961). 
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and the turbulence of the cloud. The 
fractionation taking place through these 
processes is called primary fractionation 
in this article. 

Further fractionation may then oc- 
cur through contact of debris with 
radioactively inert surroundings. For 
example, soluble radionuclides may be 
preferentially leached from fallout by 
sea water, or small particles may prefer- 
entially adhere to available surfaces. 
Fractionation occurring by processes 
such as these is called secondary frac- 
tionation. 

Artifactitious fractionation can be 
induced by sample-collection processes 
which result in biased samples, by in- 
complete removal of debris from sam- 
pling apparatus, and by faulty analytical 
procedures. 

At this point it appears advisable to 
introduce two further terms to describe 
primary fractionation. It is conceivable 
that in one burst only a small portion 
of the debris will be sensibly fraction- 
ated with respect to two given radio- 
nuclides, but that highly unrepresenta- 
tive ratios of these radionuclides will 
be produced. In a second burst this 
pair of radionuclides may be fraction- 
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Fig. 1. Logarithmic fractionation correlations for (A) strontium-90, 


(E) lanthanum-140, (F) cerium-144, (G) uranium-237, and (H) neptunium-239. 


ated throughout the entire debris, but 
with only small departures from the 
representative ratio. To distinguish be- 
tween such types of behavior the term 
degree of fractionation is used to refer 
to the range of variability of the radio- 
nuclide ratio and the term extent of 
fractionation is used to refer to the 
fraction of the total quantity of these 
radionuclides which are not present to- 
gether in the representative ratio. Thus, 
the first burst referred to above would 
be said to have fractionated this pair 
to a high degree but to a small extent, 
while the second would be said to have 
fractionated the pair to a low degree 
but to a large extent. 


Importance of Fractionation 


An understanding of fractionation 
phenomena is essential to an under- 
standing of the problems of fallout- 
contour prediction, device distribution, 
contamination, ingestion hazard, world- 
wide fallout, and the nuclear chemistry 
of the detonation process. 

Fallout theories are based upon the 
gravitational and micrometeorological 
forces exerted upon the particles result- 
ing from nuclear bomb detonations. The 
nature of the particles present depends 
upon the environment, and the ensuing 
variations in particle size and type are 
accompanied by variations in radio- 
chemical composition according to the 
fractionation pattern. Without a knowl- 
edge of the latter, correlation and inter- 
pretation of field data and prediction 
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of future results is difficult, if not im- 
possible. 

In the study of device distribution 
the term fraction of the device is fre- 
quently used. This term is undefined 
for fractionated samples, and the occur- 
rence of completely unfractionated sam- 
ples is seldom, if ever, demonstrated. 
Although the term can be redefined in 
various ways without a knowledge of 
the degree and extent of fractionation 
(for example, as “fraction of the de- 
vice’s total gamma-ray activity at time 
t’’), this knowledge is necessary to con- 
vert results based upon one definition 
to results based upon another. Further- 
more, through considerations of mass 
balance, a knowledge of fractionation 
data can contribute to knowledge of 
device distribution. 

The radiation fields produced by con- 
tamination and remaining after decon- 
tamination vary with the initial radio- 
nuclide composition if fractionation is 
induced by either of these processes. 

The hazard of ingestion of bomb- 
debris particles is proportional to the 
presence of isotopes with long biological 
half-life. To evaluate ingestion hazard 
from field data, the effect of fractiona- 
tion must be taken into account. 

The fraction of strontium-90 con- 
tributed to world-wide fallout from a 
fractionated nuclear detonation cannot 
be considered equal to the fraction of 
the gamma-ray activity contributed to 
world-wide fallout. In the case of high- 
yield surface bursts, as discussed below, 
it should be significantly greater. 

The nuclear chemistry of the deto- 


(B) molybdenum-99, 
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(C) tellurium-132, (D) cesium-137, 


nation process can be studied only in 
the light of fractionation. An under- 
standing of the fractionation phenom- 
ena could lead to a knowledge of the 
unfractionated composition, which is 
essential to the study of the primary 
process. In addition, the dependence 
of fractionation upon the half-lives and 
independent yields of volatile precursors 
relative to condensation time may 
eventually make possible the study of 
these parameters through the analysis 
of fractionated samples. 

The work discussed here was under- 
taken to develop empirical relationships 
for organizing available observations on 
high-yield surface bursts, illustrate the 
influence of the nature of the environ- 
ment, and possibly provide a basis for 
predicting future fractionation behavior 


(4). 


Background 


In the atomic cloud the processes of 
cooling, condensation, coagulation, mix- 
ing, and separation occur simultane- 
ously but to different extents in differ- 
ent regions. Furthermore, the initial 
radioactive products change in ele- 
mental form through processes of radio- 
active decay. The final distribution of 
each mass chain will therefore be re- 
lated to its elemental distribution during 
the various phases of the primary 
fractionation process. This elemental 
distribution is simplest in the case of 
induced activities (Na™, S*, Ca“, Br®, 
U*", and U*’) and of shielded fission 
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Table 1. Ratio of linear variance from linear fit to linear variance from logarithmic fit. 








Burst $r90 Mo? Te132 Cs137 Lai4o 
Coral-surface burst 1.13 1.26 0.86 2.85 
Sub-megaton deep-water 

surface burst 0.20 0.37 1.03 2.41 1.36 
Deep-water surface burst 1.85 Loe 15 
Shallow-water surface burst 1.87 1.18 0.92 4.38 





products (Br*, Rb”, Nb”, and Cs”), 
which do not change form between the 
time of formation and the time of 
measurement. Neptunium-239 remains 
predominantly in the form of uranium- 
239 during the condensation process. 
The behavior of fission products such 
as zirconium-95, molybdenum-99, ru- 
thenium-i103, ruthenium-106, and the 
heavier rare earths is simplified by the 
absence of volatile precursors, but even 
here the precursors existing during con- 
densation may have varying affinity for 
the surfaces available for deposit. Vola- 
tile precursors are prominent in mass 
chains 88 through 97 and 137 through 
140. 

Factors which favor rapid conden- 
sation after detonation cause radio- 
nuclides with volatile precursors to 
fractionate more severely than those 
with refractory precursors, due to the 
fact that the volatile precursors are 
abundant at early times after detona- 
tion. Such factors would be low device 
yield and entrainment by the fireball of 
cool material with high heat capacity. 

Factors which promote occlusion of 
volatile species tend to offset fractiona- 
tion. Such factors are a rapid rate of 
cooling and a high concentration of 
vaporized material. 

Factors, such as the formation of 
heavy faiiout particles, which cause 
rapid initiai settling of condensate from 
the cloud favor fractionation. 

From these considerations it would 
be expected that fractionation in gen- 
eral would decrease with device yield 
and increase with proximity to the 
earth’s surface. Thus, airbursts would 


be expected to fractionate less than sur- 
face bursts, surface bursts would be 
expected to fractionate less than sub- 
surface bursts; and solid environments 
would be expected to produce more 
severe fractionation than aqueous en- 
vironments. However, the phenomenon 
is so complex, and the data are so 
scattered, that even such generalizations 
must be advanced with caution. Air 
bursts, for example, have been known 
to fractionate severely. 

The number of observations that can 
be made through radiochemical anal- 
ysis of fractionated debris is very small 
compared with the number of different 
sample types produced and the number 
of variables requiring investigation. 
Particulate samples consist not only of 
particles of many sizes but of particles 
of many types. Available samples have 
usually been taken at different times 
during the period of fallout. In view of 
this situation, an empirical approach to 
the problem of fractionation appears to 
offer the most immediate rewards. 


Correlation of Data from 
High-Yield Surface Bursts 


Data suitable for fractionation cor- 
relations have been obtained from four 
high-yield surface bursts: a burst of 
megaton range at the surface of a coral 
atoll; a burst of megaton range at the 
surface of deep water; a burst of sub- 
megaton range at the surface of deep 
water; and a burst of megaton range 
at the surface of shallow water. Cloud 
and fallout samples were obtained from 





these bursts and were analyzed radio- 
chemically for strontium-89, strontium- 
90, zirconium-95, molybdenum-99, tel- 
lurium-132, cesium-137, lanthanum-140, 
cerium-144, uranium-237, and neptuni- 
um-239.' Standard procedures were 
used for all radionuclides except lan- 
thanum-140, which was determined by 
gamma-ray spectrometry. The data ob- 
tained are assumed to represent the re- 
sults of natural fractionation. The un- 
known but presumably minor effect of 
artifactitious fractionation has been 
neglected. 

Preliminary treatment of data. Con- 
sider a fission event in which a total 
of F fissions occur and in which the 
yield of radionuclide i (either a fission 
product or a product of induced activ- 
ity) is Yi atoms per fission. If the total 
number of atoms A; of any such radio- 
nuclide be determined by radiochemical 
analysis, a value of F can be calculated 
from the results as 


F, = Ai/Y, 


and all values of Fi so obtained should 
be equal. If, however, only a sample of 
the products is available for analysis, 
and the number of atoms ai are deter- 
mined by radiochemical analysis, values 
fi may be similarly calculated as 


fi = ai/Y, 


but agreement will be obtained only 
among those radionuclides which have 
not fractionated from one another, and 
variance of fi values will be indicative 
of fractionation. Initial conversion of 
the data into this form by use of the 
appropriate Y: values was necessary to 
eliminate nuclear-physical effects, such 
as the dependence of the yield of a 
given mass chain on neutron energy 
and fissile material, which have no 
bearing on the present problem. 

With zirconium-95 and strontium-89 
chosen as reference radionuclides, val- 
ues of ros, 9, defined as the ratio fos/ 
fso, were then calculated for each sample 


Table 2. Least-squares slopes and 95-percent confidence limits of logarithmic fractionation correlations. 








Burst §r9° Mo? Te132 Cs137 La140 Cel44 U237 Np?239 
Coral-surface burst 0.24 += 0.12 1.10 + 0.11 0.40 + 0.21 —0.03 + 0.39 0.37 + 0.86 0.92 + 0.12 1.02 = 0.22 1.02 + 0.06 
Sub-megaton deep-water 

surface burst 0.52 + 0.40 0.89 + 0.08 0.72 + 0.13 -—0.42 + 0.51 0.52 + 1.82 0.94 + 0.09 0.91 = 0.09 0.90 + 0.12 
Deep-water surface burst 0.41 + 0.21 0.60 + 0.23 0.59 + 0.50 0.62 0.70 + 0.44 0.48 = 126 0.56 = 1.20 
Shallow-water surface 

burst 0.38 + 0.18 1.32 + 0.34 0.60 + 0.23 —-0.04 + 0.70 0.55 + 0.62 106 +019 1.15 = 0.22 1.16 + 0.30 
Cumulative slope for high- 

yield surface bursts 0.32 = 0.08 1.11 + 0.09 —0.06 + 0.31 0.43 + 0.09 0.94 + 0.06 104+ 0.10 1.05 + 0.09 


0.60 + 0.14 
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Table 3. Least-squares intercepts and 95-percent confidence limits of logarithmic fractionation correlations. 











Burst Sr9o Mo%? Te132 Cs137 Lal4o Cel44 

Coral-surface burst —0.01 + 0.11 0.06 = 0.10 0.03 = 0.19 —0.24 + 0.39 0.07 + 0.58 —0.07 + 0.11 
Sub-megaton deep-water surface burst 0.04 = 0.23 0.00 = 0.04 0.04 = 0.06 —0.20 + 0.08 0.09 = 0.61 —0.06 + 0.05 
Deep-water surface burst 0.00 = 0.46 —0.16 + 0.05 —0.24 + 0.10 0.03 —0.10 + 0.09 
Shallow-water surface burst —0.06 + 0.09 —0.12 + 0.19 —0.03 + 0.13 —0.25 + 0.35 0.05 + 0.34 —0.12 + 0.10 
Cumulative intercept for high-yield 

surface bursts —0.08 = 0.05 —0.08 + 0.05 —0.06 = 0.08 —0.23 + 0.20 0.06 = 0.04 —0.08 + 0.04 
as a measure of the degree of fractiona- hand. Inherent in their derivation is is at least an insensitive function of the 


tion present. These nuclides were 
chosen because their tendency to frac- 
tionate from one another makes ss, so 
a sensitive function of the degree of 
fractionation, because their yields and 
half-lives are such that they can be 
determined in samples of relatively low 
activity, and because they are suffi- 
ciently long-lived to be measurable at 
late times after detonation. The 7, % 
values obtained varied by a factor of 
5 for the deep-water surface burst of 
megaton range, of 20 for the deep- 
water surface burst of submegaton 
range, of 12 for the shallow-water sur- 
face burst, and of 100 for the coral- 
surface burst. 

The ratios ri, s», defined as fi/fs, were 
then calculated for each of the remain- 
ing radionuclides in each sample stud- 
ied. These were plotted logarithmically 
against ros, %. It was found that the data 
thus plotted could be fitted with straight 
lines and that all lines passed near the 
intersection of the unit axes. Slopes of 
approximately 1 were observed for 
cerium-144, uranium-237, and nep- 
tunium-23°. and, in the cases of the 
land-surf2e and shallow-water surface 
bursts, for mctybdenum-99. The cumu- 
lative plots of the data are shown in 
Fig. 1. 

Comparison of linear and logarithmic 
correlation. Stevenson (5) has made 
linear correlations of fractionation data 
from less highly fractionated samples 
than we have observed. When a wide 
range of fractionation is observed, how- 
ever, linear graphs are incapable of 
portraying both extremes of fractiona- 
tion on an equal basis, with the result 
that the detail near the origin is sup- 
pressed. Since the data appear to fall 
near a straight line in either case, the 
first question to be examined is whether 
linear or logarithmic correlations fit the 
observed data more closely. This was 
investigated by making least-squares fits 
of the data in both linear and logarith- 
mic form and comparing the variances. 
Strictly speaking, the usual least-squares 
equations do not apply to the case at 
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the assumption that the abscissa values 
are known with much greater precision 
than the ordinate values, while here the 
two are known with approximately 
equal precision. However, because it 
was expected that results would be used 
as though abscissa values were accu- 
rately known, the usual equations were 
used. Both linear and logarithmic vari- 
ances were expressed in the linear form 


eS 25 Z(ri, 90 — 


s2 ri, 0)* 


N-—-2 

for comparability. Here N is the num- 
ber of observations, and the tilde sig- 
nifies the values of the ordinate as 
computed from the empirical equation. 
The ratios of logarithmic to linear vari- 
ance thus expressed are shown in Table 
1 for those cases where the slopes dif- 
fered appreciably from unity. From 
the data it would appear that logarith- 
mic correlation is definitely preferred 
for tellurium-132 and _ barium-140, 
while for strontium-90, molybdenum-99, 
and cesium-137 the type of correlation 
preferred may depend upon the yield. 
On the whole, the data favor logarith- 
mic correlations, but the preference is 
far from decisive. Since the results of 
a single analysis can have a large effect 
on the ratio presented, further evidence 
is needed before any firm conclusions 
can be drawn. 

Comparison of slopes for logarithmic 
correlations. The values of the slopes 
obtained from least-squares fits to the 
logarithmic data are shown in Table 2, 
together with the 95-percent confidence 
limits calculated from the ft-table. In 
addition there are shown the slopes and 
confidence limits for the cumulative 
data for each radionuclide. These were 
obtained by fitting the lines to all the 
data for a given radionuclide, regardless 
of burst. The cumulative least-squares 
lines are shown in Fig. 1. (A-H). It 
may be seen that, except for molyb- 
denum-99 in the two deep-water sur- 
face bursts, the cumulative slopes are 
within the confidence limits for the in- 
dividual slopes. In these cases the slope 


environments studied and may be used 
to predict fractionation behavior in 
future high-yield surface bursts. In the 
water-surface bursts, molybdenum-99 
appears to behave more like tellurium- 
132 than like zirconium-95. 
Comparison of intercepts for loga- 
rithmic correlations. The least-squares 
values of the intercepts and the associ- 
aied 95-percent confidence limits are 
shown in Table 3. If the intercepts rep- 
resent the unfractionated composition, 
all values should be zero within the 
confidence limits of the results. Con- 
sistent departures from zero, as shown 
in the case of cerium-144, may merely 
indicate systematic errors in the cali- 
bration and conversion factors used. 
The cumulative values of the intercepts 
fall within the limits of the individual 
values for all radionuclides except 
molybdenum-99 and tellurium-132. For 
each of these radionuclides the dis- 
crepancy appears to be due to the deep- 
water surface burst of megaton range, 
since all other vaiues are zero within 
the limits of the data. The cumulative 
intercepts for the remaining radionu- 
clides are not sensitive to the nature of 
the surfaces studied and may be used 
to predict fractionation behavior. 
Goodness of fit. In addition to the 
variance, a more readily interpretable 
measure of the goodness of fit is given 
by the ratio of predicted-to-observed 
value for the point that shows the poor- 
est fit. This ratio is given in Table 4 
for each radionuclide studied. Where 
the ratio is less than unity, the recip- 


Table 4. Predictability factors for points with 
the poorest fit. 





Radionuclide Predictability factor 








Mo? 1.9 
Sr9° 2.2 
Te132 2.1 
Cs137 2.0 
La140 1.4 
Ce144 1.5 
U237 2.2 
Np239 2.1 
1995 








rocal is given instead, in order to facili- 
tate comparison. It may be seen that, 
even in the cases of poorest fit, the 
cumulative lines predict the data to 
within a factor of about 2. 

Correlation of slopes with precursor 
volatility. It has long been recognized 
that fractionation is primarily caused by 
the presence of volatile precursors in 
the decay chains of the fractionating 
radionuclides. The decay chains of the 
fission-product radionuclides correlated 
were taken from the Bolles-Ballou com- 
pilation (6) and modified according to 
more recent results; they are presented 
in Fig. 2. Included are chains for ura- 
nium-237 and neptunium-239. Below 
each element in a given chain is pre- 
sented the fractional chain yield, as cal- 
culated (i) by the theory of Present 


(7) and (ii) by the theory of Glen- 
denin, Coryell, and Edwards (8). 

To illustrate the dependence of the 
slopes found upon the volatility of the 
precursors, and at the same time to ob- 
tain an empirical correlation between 
slopes and volatility, the following pro- 
cedure was followed. First, the fraction 
of the decay chain existing in a refrac- 
tory form at a given time was calculated 
from the Bolles-Ballou compilation, ac- 
cording to Present’s theory, and desig- 
nated Fr. It was assumed that halo- 
gens, rare gases, alkali metals, and tel- 
lurium were volatile. The cumulative 
slopes were then plotted against Fx” 
for values of Fr calculated at 35 sec- 
onds. The results are shown in Fig. 3. 
It may be seen from the figure that the 
cumulative slopes equal Fr” within 





their confidence limits. It should not be 
inferred from this relationship that the 
condensation time is actually 35 sec- 
onds or that there is any theoretical 
significance to the function Fr’. Con- 
densation probably occurs over an ex- 
tended period of time. The fractional 
chain yields are not well known, nor 
are some of the half-lives involved. 
Furthermore, the fractional chain yields 
vary with fissile material and neutron 
spectrum. To repeat, for emphasis: the 
correlation is intended only to illustrate 
the relationship between precursor vola- 
tility and slope and to provide a rough 
rule of thumb for estimating slopes of 
unobserved radionuclides. This rule 
may be written 


log Ti,so = F;*” log Tos, 89 
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Fig. 2. Decay chains of. radionuclides studied. Half-lives in parentheses (asterisks indicate estimated values). 
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Possible Applications 


Correlation with fallout pattern. In 
all cases except that of the deep-water 
surface burst, the cloud sample was 
found to be rich in strontium-89. Be- 
yond this it has not been possible to 
make any meaningful correlation be- 
tween sample location and degree of 
fractionation for the samples studied. 
This is at least partially due to the fact 
that the number of samples studied is 
inadequate as compared to the com- 
plexity of the fallout patterns. The cor- 
relations developed, however, give rise 
to the expectation that in any future 
detonation, sufficient documentation 
could be achieved to obtain the desired 
correlation by analyzing a large number 
of samples for one refractorily behaving 
nuchde (Zr, Ce”, .U™, oar Np™) 
and for one volatilely behaving nuclide 
(Cs or Sr*), inferring the remaining 
composition from more complete anal- 
yses performed on selected samples of 
varying degrees of fractionation. 

Fraction of the device. From the re- 
sults presented, it may be seen that, in 
shots of the type studied here, there is 
a fairly large group of refractorily be- 
having radionuclides which do not 
grossly fractionate from zirconium-95 
in even highly fractionated samples. It 
is expected that niobium-95, zirconium- 
97, niobium-97, rubidium-103, and all 
mass chains above 144 would behave 
similarly. If one of these radionuclides 
—say zirconium-95—were chosen for 
documentation, it would appear most 
reasonable and convenient to relate de- 
vice distribution to the time-independ- 
ent quantity “fraction of the device's 
zirconium-95.” This quantity should 
then be very nearly equal to the frac- 
tion of the device’s refractorily behaving 
radionuclides. Because of the large 
number of high-yield radionuclides in- 
volved, the corrections necessary to 
convert from this quantity to other 
quantities of interest, such as the “frac- 
tion of the device’s gamma-ray activity 
at time t,” would be minimized in both 
number and magnitude. The same prin- 
ciple would apply to the correction for 
variation of survey-instrument response 
with radiochemical composition. 

Device distribution. From the cor- 
relation data the numbér of fissions at 
any location calculated from the mass 
i radionuclide is related to similar quan- 
tities for zirconium-95 and strontium- 
89 through the slope b by the equation 


fi = fos?! fact = Tos, 30°!” fos 
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From mass balance considerations, in- 
tegration over the contaminated envi- 
ronment gives the total number of 
fissions 


fof. = F = fafu 
Therefore, as a check of consistency 


between device distribution data and 
fractionation data, the equations 


firs. so Ofes = f dfs 


should be satisfied for every radionu- 
clide studied. 
Contamination-decontamination. The 
first and second beta-decay products of 
rare-gas radionuclides are alkali metals 
and alkaline earth metals, respectively. 
These daughters tend to be concen- 
trated in the surface regions of fallout 
particles and also to exhibit high solu- 
bilities. As a result, these volatilely be- 
having fission products are more easily 
leached from the fallout by aqueous 
media than the refractorily behaving 
radionuclides. One would therefore ex- 


1.0 


pect that the results of contamination or 
decontamination processes involving an 
aqueous phase, when measured in terms 
of gross activity, might differ consider- 
ably for volatile-rich- and volatile-poor 
debris which were otherwise similar. 
In order to insure meaningful results 
from such studies, then, the radiochemi- 
cal composition of the debris would have 
to be known, and contributing varia- 
tions in composition would have to be 
accounted for. For high-yield surface 
bursts, the composition could be esti- 
mated from a knowledge of fos, , on 
the basis of the results presented here. 

Nuclear chemistry. Suppose that a 
device has been detonated for which 
the values Y: are unknown, and that 
no unfractionated samples are available. 
Suppose, however, that the fractionation 
correlation curves can be assumed to 
intersect at a point, from previous ex- 
perience with devices of similar yield 
detonated under similar conditions. 
Correlation curves, either linear or loga- 
rithmic, can then be constructed. If it 
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Fig. 3. Dependence of correlation slope on volatility of the precursor. 
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is now assumed that Ys = Yio, the 
values for unfractionated composition 
can be determined from the intersec- 
tions of the curves with the vertical 
line through the point at which fo = 
fio. An estimate of the validity of the 
assumption that Ys = Yuo can be ob- 
tained from values in Table 5, as cal- 
culated from the Katcoff compilation 
(9). 

Prediction of future behavior. The 
correlations presented here may be use- 
ful in estimating fractionation behavior 
in future high-yield sea-water surface 
and coral-surface bursts. It is to be 
expected that fractionation behavior 
from lower-yield devices, and from 
high-yield devices detonated over other 
surfaces (for example, silicate), may 
differ significantly from that presented 
here. In the absence of specific infor- 
mation, however, the behavior presented 
here may prove to be a useful basis of 
approximation for planning purposes. 


Summary and Discussion 


The empirical approach taken here to 
the problem of fractionation has led to 
a number of valuable correlations. 

1) The composition of fractionated 
samples from high-yield surface bursts 
can be correlated logarithmically. 

2) The slopes obtained for the vari- 
ous mass chains (except for molybde- 
num-99) are relatively insensitive to the 
environment and are empirically re- 
lated to precursor volatility. 


3) Zirconium-95, cerium-144, ura- 


Table 5. Variation of mass-140/mass-95 yield 
for various conditions of neutron fission. 


Fissioning Neutron 





nucleus energy Yis0/ ¥os 
U235 Thermal 1.03 
U233 Thermal 1.02 
Pu239 Thermal 0.96 
U238 Fast 1.00 
Th232 


Fast 0.94 





nium-237, and neptunium-239 do not 
fractionate grossly from one another, 
nor does molybdenum-99 fractionate 
from these radionuclides when coral is 
in the environment; cesium-137 does 
not fractionate grossly from strontium- 
89. The fact that the slopes of the cor- 
relation curve for two radionuclides are 
identical within their respective margins 
of error cannot be interpreted as mean- 
ing that no fractionation was observed. 
Small degrees of fractionation between 
similarly behaving radionuclides are best 
tested by plotting the ratio of their f 
values against the fractionation index. 

4) Even the data with the poorest 
fit fall wide of the correlation lines only 
by a factor of about 2. 

5) In all cases except that of the 
deep-water surface burst, the cloud sam- 
ple was found to be rich in strontium- 
89. 

It is evident at this point that several 
pieces of information are lacking for 
the data presented here. First in im- 
portance is the effect of artifactitious 
fractionation. The extent to which this 
has contributed to the scatter of points 
about the correlation lines is undeter- 
minable. Because of the relatively small 


Jerome ‘T. Syverton, 


Jerome T. Syverton began an out- 
standing, active career in microbiology 
as an instructor in bacteriology at the 
University of North Dakota in 1928. 
Born in Courtenay, North Dakota, on 
29 March 1907, he entered the Uni- 
versity of North Dakota in 1923, ob- 
taining an A.B. degree in 1927 and a 
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Microbiologist 


B.S. degree in 1928. He graduated from 
Harvard University School of Medicine 
in 1931, and after an internship and as- 
sistant residency in medicine at Duke 
University Hospital in 1931-32, he be- 
came an assistant in pathology and 
bacteriology at the Rockefeller Institute 
for Medical Research. There he ob- 





number of points, any error in the data 
from the most highly fractionated sam- 
ple for a given burst would severely 
affect the type of correlation preferred 
and the resulting slope. 

The behavior of the deep-water sur- 
face burst is anomalous in a number 
of respects, and supporting information 
on such detonations is needed. 

The conditions studied represent a 
small proportion of the many possible 
conditions. The findings will have to be 
viewed in the light of similar studies on 
many other types of bursts before any 
firm conclusions and reliable generaliza- 
tions can be reached. 
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tained basic knowledge in virology 
under the guidance of P. K. Olitsky, 
and in 1932 he became a member of 
the faculty of the University of Roches- 
ter School of Medicine and Dentistry. 
He remained at Rochester until 1947, 
except for a sabbatical leave in 1942 at 
Vanderbilt University School of Medi- 
cine, as visiting associate professor of 
pathology and bacteriology. 

Syverton’s development of outstand- 
ing skill as a teacher and student ad- 
viser and his fundamental and pioneer- 
ing work, involving, for example, 
tumor viruses and multiple viral infec- 
tions of single animal cells, occurred 
during the period 1934—47, while he 
was in the department of bacteriology at 
the University of Rochester. For his 
outstanding research in virology he re- 
ceived the Lilly award in bacteriology 
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and immunology in 1938. From 1944 
to 1946 he was on active duty in the 
United States Navy, first as a visiting 
investigator at the Rockefeller Institute, 
then as a member of Naval Medical Re- 
search Unit 2 in the Pacific Theater. In 
1947 he became professor and head of 
the department of microbiology at 
Louisiana State University School of 
Medicine, and from 1948 until his death 
on 28 January 1961, he was professor 
and head of the department of bacteri- 
ology at the University of Minnesota. 

During his academic career his en- 
thusiastic and vigorous approach to 
professional life, with simultaneous de- 
votion to his family and friends, set an 
extraordinary example for students and 
associates. His graduate and postdoc- 
toral students during his 12 years at the 
University of Minnesota alone num- 
vered over 65. To quote Richard E. 
Shope of the Rockefeller Institute, “One 
of the very nicest things that I know 
about Dr. Syverton was the generosity 
with which he shared his scientific ideas, 
and their exploitation, with others, 
usually graduate students or younger 
assistants in his department. He pub- 
lished almost none of his most signifi- 
cant observations alone and, where he 
shared in the publication with others, 
his name was almost never in the senior 
author position” (/). 

Syverton’s productivity as an investi- 
gator was remarkable, and during 1957-— 
58 he was the recipient of the Com- 
monwealth Fund award for creative 
work. Eighty-seven articles describing 
his own work and 119 describing work 
done in conjunction with his students 
and associates were published between 
1933 and 1960. In the words of Shope, 
“Dr. Syverton was a prolific worker in 
the field of virology and his interests 
ranged widely. He worked first at the 
Rockefeller Institute on the viruses of 
vesicular stomatitis and equine encepha- 
lomyelitis, sharing in pioneer work with 
these agents. Later at Rochester, he 
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Jerome T. Syverton. [Zintsmaster’s] 


initiated work with the rabbit papilloma, 
and his continuing studies of the papil- 
loma-to-carcinoma sequence in_ this 
virus-induced tumor contributed ma- 
terially to our understanding of the pro- 
gression through which a benign tumor 
cell acquires malignant properties. It 
was at Rochester too that, with Berry, 
he did his fundamental work dealing 
with multiple viral infections of single 
host celis, showing that the cells of 
virus-induced tumors could be super- 
infected with other non-neoplastic 
viruses. From time to time throughout 
his career, Dr. Syverton contributed 
significantly to our understanding of the 
possible mechanisms by which viruses 
prevail and are perpetuated in nature. 
In this connection, he studied the host 
range of Western equine encephalo- 
myelitis virus in various wild animal 
species and showed the hereditary trans- 
mission of this virus in the wood tick. 
In a similar vein, he demonstrated the 
potentiality of thé trichina worm to 
serve as a transmitting agent for the 
virus of lymphocytic choriomeningitis. 


Later he extensively exploited the use 
of stable strains of mammalian cells, in 
the cultivation and study of viruses. This 
was a pioneering effort of great. im- 
portance to virology. Lately, with 
Brand, he developed a hemagglutina- 
tion test for the species determination 
of cultivated mammalian cells. What 
was probably Dr. Syverton’s most sig- 
nificant contribution was made very re- 
cently when he discovered with Mc- 
Laren and Holland that the ribonucleic 
acid of poliovirus could infect non- 
primate cells that were ordinarily re- 
fractory to infection with complete 
poliovirus. The importance of this dis- 
covery is very great and its significance 
to virus work in general and tumor virus 
work in particular will undoubtedly be 
far-reaching.” 

Syverton’s stature in science and 
academic medicine was evidenced by 
his membership in 22 _ professional 
societies and on !1 scientific advisory 
committees, and his enthusiastic sup- 
port of science at an international and 
national level was widely recognized and 
appreciated. The world’s scientific com- 
munity has lost a creative and produc- 
tive investigator; the educational com- 
munity, an enthusiastic teacher; the 
community of his colleagues and as- 
sociates, a true friend; and his family, 
an affectionate and lovable father. As 
Shope expressed it in speaking of him 
to Minnesota medical students, “Dr. 
Syverton was a fine scientist, a gentle- 
man, and a grand person to have as a 
personal friend. I think that you were 
fortunate indeed to have had him as 
one of your professors for as long as 
you did.” 

WILLIAM F. SCHERER 
Department of Bacteriology, 
University of Minnesota 
Medical School, Minneapolis 


Note 


i. R. E. Shope, in “The case of a lurking virus 
and its exposé,” a lecture presented to medi- 
cal students at the University of Minnesota 
on 14 Feb. 1961. 
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Science in the News 


Project Chariot: Two Groups of 
Scientists Issue “Objective” 
But Conflicting Reports 


Two groups of scientists have turned 
out reports on the possible risks in- 
volved in Project Chariot, a proposal 
to use nuclear explosives to create an 
artificial harbor on the arctic coast of 
Alaska. The sharp contrast between 
the reports suggests that one or both 
must fall considerably short of the ob- 
jectivity intended by the authors of 
each. 

The Atomic Energy Commission 
published a “first summary” by _ its 
Committee on Environmental Studies 
for Project Chariot. This found no sig- 
nificant radiation hazard in the project, 
and suggested that none was likely to 
turn up during its further investigations. 
The committee, as required by law, 
was chaired by an AEC scientist. It in- 
cluded three other government scien- 
tists—one each from the Office of 
Naval Research, the Public Health 
Service, and the Geological Survey— 
plus two American radiation biologists 
and a Canadian zoologist. Their report 
was unanimous. 

The contrasting report was issued by 
the Greater St. Louis Committee on 
Nuclear Information, which describes 
itself as “the pioneer citizens group in 
nuclear education.” According to the 
committee, “CNI does not stand for 
or against particular policies. It pre- 
sents the known facts for people to use 
in deciding where they stand on the 
moral and political questions of the 
nuclear age.” For this reason the CNI 
report took no position on the -wisdom 
of going ahead with the project, al- 
though the report noted a number of 
conclusions based on its appraisal of 
the facts. 

Among the points made in the CNI 
report are the following: that the 
site of the proposed test is “peculiarly 
liable to any risk of biological damage 
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that might result from the radioactive 
fallout produced by the test”; that “a 
conservative judgment of the amount 
of fallout expected from Project Char- 
iot would require that the AEC esti- 
mates be multiplied by 10”; that “the 
fallout from the proposed explosion 
will add to the present strontium-90 
levels by an amount that cannot now 
be estimated with any degree of pre- 
cision’; and that “in the present state 
of knowledge about the effects of radia- 
tion, no firm prediction can be made 
regarding the ultimate harm that may 
result from the present levels of stron- 
tium-90, or from any increase that may 
be brought about by Project Chariot 
fallout.” The reader is reminded that 
“according to the current philosophy 
of radiation protection, it is assumed 
that every increase in radiation expos- 
ure carries with it an increased risk of 
disease. A brief summary is provided 
of the objectives of the experiment, 
and the reader is invited to come to 
his own conclusion about the relative 
risks and gains of the project. 

The report is titled, “Project Char- 
iot: A complete report on the probable 
gains and risks of the AEC’s Plowshare 
project in Alaska.” The contrasting re- 
port of the AEC advisory committee is 
called “Bioenvironmental features of 
the Ogotoruk Creek area, Cape Thomp- 
son, Alaska: A first summary by the 
Committee on Environmental Studies 
for Project Chariot.” 

The AEC report was based on the 
results of 30-odd studies commissioned 
by the AEC to provide a basis for the 
AEC committee’s evaluation. Other 
studies are under way and will be in- 
corporated into the committee’s final 
report, due next April. The 30-odd 
completed studies were made public, 
and also provided most of the data for 
the CNI report. 

For the general public, the difficulty 
with the AEC report is that, except 
for stating a conclusion that radiation 


effects would be “negligible, undetect- 
able, or possibly nonexistent in areas 
distant from the excavation,” it says 
very little about the radiation problem. 
There is nothing to indicate the basis 
for this conclusion; nothing to indicate 
what is. meant by the term distant; 
and nothing about the nature of the 
food chain in the area, which would 
lead to a higher absorption of stron- 
tium-90 by the population than one 
might expect. 

AEC officials stress that this is 
only a preliminary report; that the 
Commission had scrupulously avoided 
telling the committee what they should 
say; and that the report is, in any 
case, a technical summary submitted 
to the AEC and not written with the 
general public in mind. 

But the AEC report was made avail- 
able to the general public, and there- 
fore must be judged to some extent on 
the impression it leaves with the gen- 
eral public. And here the AEC, at the 
least, would appear to have shown a 
poor sense of its public relations prob- 
lem in failing to make emphatic, in the 
accompanying press releases, that the 
report does not represent the completed 
findings of the research program, which 
is still in progress, and that, in any 
case, the publication of the preliminary 
report is not meant to imply that the 
AEC has made a final decision on the 
radiation hazards, or would make one 
without supplying the public with full 
knowledge of the basis of such a de- 
cision. 


St. Louis Report 


On the other hand, the CNI report 
is concerned with little else but the 
radiation hazard, although whether 
CNI dealt with the problem in a way 
best calculated to serve its stated pur- 
pose of providing the general public 
with “complete” information on which 
to evaluate the project is quite another 
cuestion. 

The CNI report contains two major 
articles. One, an analysis of the AEC’s 
fallout estimates, concludes that the 
fallout (actually the AEC’s estimate of 
the most probable amount of fallout) 
might be ten times greater than the 
AEC supposed. The article then calcu- 
lates that the test “may raise the Sr” 
levels in the fallout zone [‘‘a swathe of 
sealing off the Cape Hope peninsula”) 
to anywhere from about 3 to 30 times 
their present levels.” The article had 
earlier stated that it was also equally 
possible that fallout might be only 
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‘one-fifth the 





AEC estimate. This 
lower figure would make the range 
1.4 to 30, but here, and in other 
parts of the report, the AEC figure for 
the most probable level is taken as the 
minimum level. 

Using the factor of 10, the other 
major article makes rough estimates of 
the increase in strontium-90 in lichens 
(which accumulate strontium-90 very 
readily and which are the principal food 
of caribou) and in caribou. The report 
then discusses the possible increase in 
levels of strontium-90 in the 700 Eski- 
mos living in the affected area, a major 
part of whose diet is caribou. No esti- 
mate of this increase is made, since, 
“although it can be predicted that fall- 
out from the Chariot blast would in- 
crease the level of Sr” in the diet of the 
region’s Eskimos, no accurate estimate 
of the size of the effect can be made 
without additional information not yet 
available.” 

The article points out that there: is 
not now enough information to make 
a judgment on whether there is any 
possible harm from the strontium levels 
involved, and suggests, therefore, a re- 
search program to supply the needed 
information. 

The article concludes that “until the 
results of these studies are available, 
the great uncertainty about its possible 
effect on life is perhaps the most serious 
problem which stands in the way of a 
decision on the wisdom of setting off 
the Chariot explosion.” 

AEC officials complain that the re- 
port is neither as accurate nor as com- 
plete as the general public might sup- 
pose. They point out, for example, that 
the CNI assertion that the strontium-90 
yield might be 10 times greater than the 
AEC believed likely was based on a mis- 
reading of an AEC-sponsored study. 
This study gave 5 percent as the most 
probable portion of the total radioac- 
tive yield that might get into the fall- 
out. 

Any technical errors, though, al- 
though they may prove embarrassing 
to CNI, do not affect the ultimate con- 
clusions of the CNI report. The ulti- 
mate conclusion of CNI, as stated in a 
press release contrasting their report 
with the AEC’s is that “the evidence, 
including the more extensive data cited 
in CNI’s own report, is insufficient to 
support any firm conclusion regarding 
the safety of the project.” This con- 
clusion is not affected by the technical 
errors that may have crept into the 
report, and does not, for that matter, 
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contradict the AEC report, which also 
did not reach any “firm conclusion.” 
The main problem with the CNI re- 
port is not with the technical soundness 
of the report but with the wording, and 
particularly the probable effect of the 
choice of words on the lay audience to 
whom the report was addressed. 


CNI Conclusions 


On one major conclusion CNI seems 
clearly misleading. The report states 
that “the fallout from the proposed ex- 
plosion will add to the Sr” levels by an 
amount which cannot now be estimated 
with any degree of precision” (emphasis 
added). This amount, of course, while 
difficult to predict precisely, falls within 
well-defined limits: it cannot be less 
than O percent nor more than 100 per- 
cent of the total strontium-90 produced 
by the explosion, and this latter figure 
can be predicted with good accuracy. 
But it also estimated that for the par- 
ticular fallout constituent CNI was con- 
cerned with, strontium-90, the most 
probable figure would be 25 percent. 
Thus the figure could be underesti- 
mated, at most, by a factor of 4, not 
by the factor of 10 calculated by CNI. 

Of the other two “general conclu- 
sions” cited earlier, the AEC agrees 
with that concerning the food chain. 
But the final conclusion, although ac- 
curate, could be misleading for the lay 
audience to whom the report is ad- 
dressed. It simply says that “no firm 
prediction can be made regarding the 
ultimate harm that may result [from 
the test]” and that “according to the 
current philosophy of radiation protec- 
tion, it is assumed that every increase 
in radiation exposure carries with it an 
increased risk of disease.” This is per- 
fectly true. Thus it is known that 
watching television exposes the viewer 
to small amounts of radiation, and in 
the words of the CNI report, “no firm 
prediction can be made regarding the 
ultimate harm,” and again as the CNI 
report accurately points out, “it must 
be assumed that [this] increase in radia- 
tion exposure carries with it an in- 
creased risk of disease.” As it happens, 
the exposure from habitual television 
watching, or from current levels of fall- 
out, is roughly the same as the ex- 
posure the 700 Eskimos might receive 
if pessimistic assumptions about ab- 
sorption of strontium-90 are correct. 
Although the ultimate harm cannot be 
firmly predicted, the National Academy 
of Sciences, in its widely respected re- 
port on radiation hazards, referred to 


the probable damage from such levels 
as “negligible.” 

A spokesman for CNI was asked 
whether the repeated emphasis on the 
difficulty of predicting the damage, if 
any, from such levels, along with the 
lack of any discussion of the range of 
damage within which uncertainty lies, 
might not mislead a general reader into 
thinking that the risks are much greater 
than any reputable scientist claims they 
are. The CNI spokesman said that “the 
idea of anyone interpreting the report 
in this way never crossed our minds,” 
and that such information certainly 
would have been included if the com- 
mittee had felt the report, as is, might 
mislead the public. 

The CNI spokesman was asked 
whether the public, in evaluating the 
possible risks, might not have found 
useful some discussion of the likelihood 
that the damage would be great enough 
to be detectable. He said that an an- 
alysis of this problem would have made 
the report “too long,” that the commit- 
tee had attempted a calculation of prob- 
able damage but that it proved “too 
complicated,” and that the committee 
had covered this subject, in any case, in 
other reports it had issued. 

The CNI spokesman said he consid- 
ered the report, as is, to be “a tre- 
mendous labor to give the scientist an 
idea of how he can function, and to 
give the public an idea of what the 
scientist can do for him.” 

The report (50 cents) is available 
from CNI, 6504 Delmar Blvd., St. 
Louis, Mo. The AEC report ($1) is 
available from the Office of Technical 
Services, Department of Commerce, 
Washington, D.C.—H.M. 


The Test Ban 


The general feeling is that the Ad- 
ministration has been handling the deli- 
cate problem of the disintegrating test- 
ban negotiations about as well as pos- 
sible. What the Administration wanted 
to do, and appears to have succeeded 
in doing, was to make clear that the 
threat to resume testing was brought 
about by Russian intransigeance, rather 
than by an American desire to resume 
testing that outweighed our interest in 
reaching an agreement, or by a mere 
yielding to domestic political pressures. 

The American “white paper” on the 
situation emphasized that it was the 
Russians who originally insisted that 
the test ban be separated from the 
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problem of general disarmament; that 
the West had offered significant conces- 
sions since the talks resumed in March, 
only to have the Russians step back 
from positions that had already been 
agreed upon; and that it was going to 
be extremely difficult to enter into the 
new kind of international relationships 
that seem to be required by the advent 
of nuclear weapons so long as the Rus- 
sians insist on an unlimited concept of 
national sovereignty that makes a use- 
ful system of international law impos- 
sible to achieve. 

Despite the vigorous tone of the 
white paper, as a policy statement it 
did not go beyond what both the Eis- 
enhower and Kennedy Administrations 
have been saying for a long time: that 
the U.S. cannot permit the present un- 
policed ban to run on indefinitely. The 
paper was primarily a criticism of: Rus- 
sia’s uncompromising attitude. It did 
not assert that the U.S. would resume 
testing, and apparently no such decision 
has yet been made. 


Space Discoverer Recovery 


The Air Force soon may put a 
monkey in prolonged global orbit and 
attempt recovery as a result of the safe 
return and pick-up of its Discoverer 
XXV last Monday. The capsule had 
orbited the earth 33 times during a 50- 
hour ride in space. 

Parachuting skin divers, all trained 
medical corpsmen, part of the 76th 
Air Force rescue squadron, recovered 
the 1-ton vehicle when it fell into the 
Pacific out of reach of Air Force planes 
standing by for an aerial catch. 

The Air Force Discoverer program 
began 28 February 1959. It is an open- 
end research and development program 
aimed ‘at perfecting a general-purpose 
space vehicle or “space truck” that 
can launch a variety of payloads. 

The program has achieved, among 
other things, the first polar orbit; the 
first completely stabilized and con- 
trolled vehicle to be set in orbit and 
then redirected from ground controls; 
the first successful orbit and recovery 
of animals; the first aerial recovery of 
a space vehicle; and, now, the re- 
covery at sea by parachuting skin 
divers. 

If successful, the Air Force plan to 
recover a monkey after more than 2 
days in space is expected to yield im- 
portant information on the effects of 
weightlessness and on radiation. 
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Subversion and Education 


Both the Senate and the House of 
Representatives are considering the 
question of subversion as it may relate 
to government loans for education. 

The Senate Education Subcommittee 
has accepted President Kennedy’s pro- 
posal to repeal the disclaimer affidavit 
provision in the National Defense Act 
of 1958. This provision requires a col- 
lege student receiving a government 
loan to execute an affidavit disclaiming 
subversive beliefs and affiliations. 

Twice during his terms in the Senate 
Kennedy tried to win repeal of the pro- 
vision, but his efforts were unsuccessful. 

In support of his legislation, Ken- 
nedy pointed out.that several universi- 
ties have refused to use the loans be- 
cause of the loyalty and disclaimer 
requirements. If passed, his original bill 
would have removed both provisions. 
His present proposal does leave in the 
law the loyalty oath requirement for 
students. This is similar to the oath re- 
quired of the President, and all those 
working in government, and most uni- 
versities and colleges have found this 
less objectionable. The repeal of the 
disclaimer provision in the student 
loans, it should be noted, will not apply 
to students who may be recipients of 
fellowships and grants. 

The American Legion has _pro- 
tested the Administration’s proposal to 
drop the disclaimer affidavit, charging 
through Miles D. Kennedy, legislative 
director of the Legion, that those op- 
posing the loyalty affidavit were waging 
“an active cold war of anti-American- 
ism.” When asked by Representative 
John Brademas (D-Ind.) if he was ac- 
cusing President Kennedy and former 
President Eisenhower, who had also 
opposed the provision, of being anti- 
American, the Legion official said he 
did not mean that they were un-Ameri- 
can, but “they have been wrong be- 
fore.” 


In the House, the Committee on. 


Science and Astronautics opened hear- 
ings to investigate awards of fellow- 
ships and scholarships by the National 
Science Foundation. 

The hearings were called at the re- 
quest of Representative Richard L. 
Roudebush, a past national commander 
of the Veterans of Foreign Wars and 
a member of the House committee. He 
charged that the NSF was lax from the 
standpoint of security when it awarded 
a $3800 fellowship to a student con- 





victed of contempt of Congress as a 
result of a hearing in 1958 before the 
House Un-American Activities Com- 
mittee. The student, Edward Yellin, 
had refused to answer when asked if 
he was a Communist. 

Roudebush, expressing shock and 
anger at the NSF grant to Yellin, said, 
“T think that there was not the neces- 
sary security exercised by the National 
Science Foundation. Greater security 
should be exercised whenever public 
funds are spent.” He pointed out that 
the House Science Committee does 
have jurisdiction over the NSF grants 
by legislation as well as by House rule. 

The House Science Committee, at its 
hearing, asked Alan T. Waterman, di- 
rector of NSF, on what basis Yellin 
was awarded the grant, made in March 
of this year. Waterman said the law 
provides that the applicants are to be 


judged solely on ability. In response to 


the question whether the Foundation 
would have reached the same decision 
in approving the grant to Yellin if it 
had known of his conviction, Water- 
man said, “I believe so.” Waterman 
and NSF counsel William J. Hoff said 
an applicant would be entitled to a fel- 
lowship, if he qualified on grounds of 
ability, regardless of a court conviction, 
whatever the grounds for the conviction 
might be. Several committee members 
said they felt that the law was deficient 
and should be changed. 

Yellin had planned to use the grant 
to continue his engineering studies at 
the University of Illinois. He was rec- 
ommended for the grant by Illinois 
faculty members, who may be brought 
for questioning before the House Sci- 
ence Committee, according to a state- 
ment by committee chairman Repre- 
sentative Overton Brooks (D-La.). 

Yellin had based his refusal to an- 
swer the House Un-American Activities 
Committee query on the First Amend- 
ment to the Constitution. A staff mem- 
ber of the Un-American Activities 
Committee said, “This left him wide 
open to a contempt charge. If Yellin 
had pleaded the Fifth Amendment, no 
action could have been taken against 
him.” 

Upon his conviction in April 1960, 
Yellin was sentenced to a year in 
prison. The U.S. Circuit Court of Ap- 
peals upheld the conviction. Yellin now 
is carrying the appeal to the U.S. Su- 
preme Court. In applying for the NSF 
grant, Yellin signed the disclaimer affi- 
davit and took the loyalty oath. 
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Announcements 





Grants, Fellowships, and Awards 


Nominations are being accepted 
from AAAS fellows for the 1961 
Theobald Smith award, for “demon- 
strated research in the field of the med- 
ical sciences” which shows independ- 
ence of thought and originality. Any 
investigator who was less than 35 years 
old on | January 1961 and who is a 
citizen of the United States is eligible. 
The research is not to be judged in 
comparison with the work of more 
mature and experienced investigators. 
The award is given by Eli Lilly and 
Company under the auspices of the 
AAAS. Nominations must be received 
before 1 September. (Dr. Oscar Tous- 
ter, Department of Biochemistry, Van- 
derbilt University School of Medicine, 
Nashville 5, Tenn.) 


Postdoctoral research fellowships and 
grants to institutions in aid of cardio- 
vascular research are being offered by 
the Life Insurance Medical Research 
Fund. Candidates desiring a postdoc- 
toral research fellowship in any field 
of the medical sciences must submit 
applications by I October. Preference 
is given to those who wish to work on 
fundamental problems, particularly 
those related to cardiovascular func- 
tion or disease. Minimum stipend is 
$4500, with dependency and_ travel 
allowances. 

Applications from institutions desir- 
ing support for physiological, biochem- 
ical, and other basic work broadly re- 
lated to cardiovascular problems as 
well as for clinical research in this 
field, will be accepted until 1 November. 
(Scientific Director, Life Insurance 
Medical Research Fund, 1030 E. Lan- 
caster Ave., Rosemont, Pa.) 


Twenty-five scholarships are avail- 
able to academic personnel who wish 
to attend the infrared spectroscopy 
sessions and the gas chromatography 
session of the Fisk Infrared Institute, 
to be held at Fisk University from 23 
August to 1 September. The awards, 
which were made possible by a grant 
from the National Science Foundation, 
cover tuition, room and board, and 
travel. The deadline for applications is 
20 July. (Director, Fisk Infrared Insti- 
tute, Fisk University, 17th Ave. North 
and Jackson St., Nashville, Tenn.) 
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Scientists in the News 


R. Elinor H. Judd, laboratory super- 
visor at the Robert Brigham Hospital 
Clinical Laboratories, has received the 
1961 Corning award as the year’s out- 
standing medical technologist in the 
United States. The award, given by the 
American Society of Medical Tech- 
nologists, was presented at the annual 
meeting of the Society, in Seattle. 


Four newly elected foreign associates 
of the National Academy of Sciences 
are as follows: 

Keith E. Bullen, professor of ap- 
plied mathematics, University of Syd- 
ney, Australia. 

Boris Ephrussi, professor of genetics 
at the Sorbonne and director of the 
Genetics Laboratory at the National 
Center for Scientific Research, Gif-sur- 
Yvette, France. 

Werner K. Heisenberg, director of 
the Max Planck Institute for Physics 
and Astrophysics, Munich, Germany. 

Vladimir Prelog, professor of or- 
ganic chemistry and director of the 
laboratory, Federal Institute of Tech- 
nology, Zurich, Switzerland. 


Iimo Hela, director of the Institute 
of Marine Research, Finland, has been 
appointed chief scientist in charge of 
the newly established research pro- 
gram on the effects of radioactivity in 
the sea. The program will be con- 
ducted in Monaco under a trilateral 
agreement between the International 
Atomic Energy Agency, the Govern- 
ment of Monaco, and the Monaco In- 
stitute of Oceanography. 


John C, Snyder, dean of the faculty 
of public health at Harvard, has been 
selected to be the university’s first 
Henry Pickering Walcott professor of 
microbiology. 


W. A. Deer, professor of geology 
at Manchester University, England, has 
been elected to the chair of mineralogy 
and petrology at Cambridge Univer- 
sity, effective 1 October. 


Robert W. Truitt, head of the de- 
partment of aerospace engineering at 
Virginia Polytechnic Institute, has been 
appointed head of the department of 
mechanical engineering at North Caro- 
lina State College. He will be succeeded 
by James B. Eades, Jr., professor of 
aerospace engineering at the institute. 


Hans E. Hinteregger, physicist at 
Air Force Cambridge Research Labora- 
tories’ spectroscopic studies branch, 
has been presented the Air Force Meri- 
torious Civilian Service award for his 
work in the field of ultraviolet radiation 
research. 


K. R. Ramanathan, meteorologist 
with the Physical Research Laboratory, 
Ahmedabad, India, has received the 
International Meteorological Organiza- 
tion prize of the World Meteorological 
Organization. 


Henry A. Hill, organic chemist and 
vice president of National Polychem- 
icals, Wilmington, Mass., has been 
elected president of - Riverside Re- 
search Laboratory, Cambridge, Mass. 


J. A. Scanlan, associate professor of 
mechanical engineering at the Univer- 
sity of Texas, has been appointed di- 
rector of the university’s new nuclear 
reactor laboratory, which is to be 
established next year. 


Winston H. Bostick, head of the 
physics department at Stevens Institute 
of Technology, has been awarded first 
prize in-the annual international com- 
petition of the Gravity Research 
Foundation. 


Gilbert L. Woodside, dean of the 
graduate school and former head of the 
department of zoology at the University 
of Massachusetts, will become provost 
of the university on 1 July. 


Alfred Novak, professor of natural 
science at Michigan State University, 
has been appointed chairman of the di- 
vision of science and mathematics at 
Stephens College, Columbia, Missouri. 


James R. Oliver, professor of chem- 
istry at the University of Southwestern 
Louisiana, has been appointed dean of 
the university’s graduate school. 


Joseph L. Bernier, chief of the Army 
Dental Corps and professor of oral 
pathology at Georgetown University, 
has been elected a fellow of the British 
Royal Society of Medicine. 


Lorin W. Roberts, assistant professor 
of botany at the University of Idaho, 
was recently named a Chevalier de 
Ordre du Mérite Agricola by the 
French Minister of Agriculture. 
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Chemistry of the Amino Acids. vols. 
1-3. Jesse P. Greenstein (deceased 
12 Feb. 1959) and Milton Wintz. 
Wiley, New York, 1961. 2872 pp. 
Illus. $100. 


These volumes represent a scholarly 
and complete but critical exposition of 
the organic and physical chemistry and 
the nutrition of the biologically im- 
portant a@-amino acids. The first two 
volumes deal with qa-amino acids as 
a class of chemical compounds, and 
the third deals more specifically with 
the detailed history, reactions, syn- 
thesis, physical characteristics, and op- 
tical resolution of each individual 
amino acid and its more important 
derivatives. The subjects are developed 
historically and are brought up to the 
end of 1958 by extensive bibliographies 
which accompany each chapter. In ad- 
dition to the intellectual development 
of the subjects, a large number of ex- 
perimental procedures are illustrated, 
and enough technical details are pro- 
vided to permit repetition in the 
laboratory. 

The first two chapters deal with 
fundamental aspects of amino acids, 
such as their names and _ chemical 
structures, and with methods for their 
interconversion and for determining 
their absolute configuration. The sig- 
nificance of rotary dispersion curves 
of animo acids and of their copper 
complexes as a simple means of estab- 
lishing configuration is emphasized, 
and theories of optical activity are 
presented. Amino acids in nutrition are 
traced from their early beginnings to 
their culmination in the classical con- 
tributions of W. C. Rose and his col- 
laborators, which led to the isolation 
of threonine and to a clear distinc- 
tion between dispensable and indispens- 
able amino acids in man and in many 
other animal species. Many other re- 
lated topics, for example, the paren- 
teral feeding of amino acids and tissue 
culture, are discussed in a sufficiently 
comprehensive manner to provide a 
broad background for those interested 
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in the more fundamental aspects of 
such subjects. Chapters 4 and 5 deal 
with amino acids as amphoteric elec- 
trolytes and as dipolar ions and with 
thermodynamics and_ solubility, re- 
spectively. The origin and significance 
of the various abbreviations used to 
designate dissociation constants and 
their ‘interrelationships are clearly 
stated and should prove to be a boon, 
particularly to beginning students. The 
driving force of chemical reaction and 
the concept of free energy and its 
measurement and determination are 
presented with great clarity and should 
provide those without a background 
in physical chemistry a good perspec- 
tive of the operation of these funda- 
mental concepts. Chapter 6 reviews the 
importance of the coordinate covalent 
bond in amino acid, peptide, and pro- 
tein chemistry; and chapters 8 and 9 
provide discussions of the general and 
specific methods available for the syn- 
thesis and resolution of a-amino acids. 

The highly advanced state of devel- 
opment of synthetic peptide chemistry 
is presented in fascinating detail in 
chapter 10 (volume 2). Over 39 of 
the synthetic procedures available to 
the biorganic chemist are treated ex- 
tensively and critically. The tremen- 
dous activity and success in peptide 
synthesis is indicated by some 80 pages 
of tables which the authors have de- 
voted to physical constants of acylated 
peptide esters, acylamino acids and 
peptides, and esters of unacylated pep- 
tides and by the bibliography of over a 
thousand references. Since illustrative 
procedures are provided for nearly 
every synthetic method mentioned, this 
chapter will be of great value to the 
experimentalist as well as to those 
interested only in reviewing the ac- 
cumulated knowledge of peptide syn- 
thesis. 

Included under the discussion of 
general analytical procedures (in vol- 
ume 2) are nine chapters on colori- 
metric methods, manometry, and titrim- 
etry; isotope dilution; microbiological 
assay methods; chromatography; se- 


qential analysis of peptides; spectro- 
photometry; optical rotation; and de- 
termination of optical and steric purity. 
The historical development of each 
subject is used as a means of present- 
ing the theoretical aspects, and each 
subject is brought up to date. A wealth 


of detailed information is included 
under each title, and the interested 
reader can obtain much information 
concerning the theory as well as the 
many significant applications of the 
methods concerned. In the discussion 
of sequential analysis of peptides, for 
example, proofs of structure are pre- 
sented for the simple, naturally occur- 
ring peptides like glutathione and car- 
nosine, and probable peptide sequences 
are given for a number of proteins 
such as silk, wool, and lysozyme. The 
Sanger and Edman procedures and 
their limitations for the characteriza- 
tion of N-terminal sequences are dis- 
cussed when applied to insulin and 
to a number of other proteins includ- 
ing f-lactoglobulin, ovalbumin, bovine 
serum albumin, various hemoglobins, 
wool keratin, q-casein, papain, ribo- 
nuclease, carboxypepeptidase, and pep- 
sin. Similar consideration is given to 
methods for determining C-terminal 
sequences, and the N- and C-terminal 
amino acids for many proteins are 
given in tabular form. The structure 
proof of insulin is given in detail, and 
sequence studies are also presented 
for many naturally occurring peptides 
such as phalloidin, the ergot alkaloids, 
tyrocidin, gramicidin, the bacitracins, 
corticotropin, glucagon, oxytocin, and 
vasopressin. In a similar way the de- 
tailed chemistry of several zymogens 
and the peptides released from them 
during activation are presented. 

In chapter 20 of the second volume 
the authors are concerned with the 
enzymes used for optical resolution of 
the a-amino acids and their derivatives 
and with the determination of optical 
purity. Methods of preparation are 
given for renal acylase I, renal acylase 


. II, pancreatic carboxypeptidase, renal 


D-amino acid oxidase, snake venom 
L-amino acid oxidase, bacterial decar- 
boxylases, hepatic arginase, and renal 
aminopeptidase and for their respective 
use. In contrast to the measurement of 
optical rotation or of other physical 
properties of amino acids, it is clear 
that such enzymic procedures provide 
the only definitive methods by which 
amino acid steric purity of the order 
of 99 percent or better can be estab- 
lished with certainty. 


The historical development, isola- 
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tion, structure proof, synthesis, resolu- 
tion; methods of racemization, infrared 
spectra of the individual amino acids 
are treated in 21 different chapters of 
volume 3. Similarly, 11 chapters are 
concerned with the preparation of 
amino acids not known to be bound in 
proteins of mammalian tissue. The 
latter include aliphatic straight-chain 
monoaminomonocarboxylic, aminopoly- 
carboxylic, diaminomonocarboxylic, di- 
aminodicarboxylic, imino, a-alkyl ami- 
no, (8)-branched amino, qa-amino-w- 
hydroxy, sulfur-containing amino, ring- 
substituted q-amino, and N-alkylated 
amino acids. These chapters provide 
an exhaustive and authoritative survey 
of the several aspects of the amino 
acids mentioned. 

In this review I have attempted to 
indicate briefly something of thé sub- 
ject matter and the thoroughness of its 
presentation. The more extensive and 
exhaustive the coverage of an important 
subject, the more likely is a short re- 
view to appear superficial and even 
trivial. However this may be in the 
present instance, it seems clear that 
these volumes will occupy an important 
place as a reference source for many 
specialists and for biochemists and 
biologists in general. The authors state 
in the preface that they “have been 
entranced by the spectacle of the many 
and diverse phenomena” associated 
with the behavior, properties, and 
biological duties performed by the 
a-amino acids. Biochemists and many 
others will benefit immeasurably be- 
cause the authors were not only en- 
tranced but were highly discerning, 
skillful, and thorough in recording 
their extensive observations. 

H. S. Lorine 
Department of Chemistry, 
Stanford University 


The Physico-chemical Constants of Bi- 
nary Systems in Concentrated Solu- 
tions. vol. 3, Systems with Metallic 
Compounds. xiii + 1322 pp. $36. 
vol. 4, Systems with Inorganic + 
Compounds (excepting metallic deri- 
vations). xi + 1332 pp. $39. Jean 
Timmermans. Interscience, New 
York, 1960. 

With the appearance of volumes 3 
and 4, this tabulation of the physical 
constants of concentrated solutions of 
two substances is complete. Volumes 1 
and 2, which cover systems of two or- 
ganic compounds, were reviewed in Sci- 
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ence [131, 97 (1960)]. Volume 3 covers 
systems of two inorganic compounds, 
and volume 4 contains data on systems 
of one organic plus one inorganic com- 
pound, the references to the literature, 
and a 230-page formula index for the 
whole set. 

The survey is noncritical and appears 
to cover the literature up to 1956. The 
bibliography is easy to use once the 
system of interest has been located in 
the tables. Finding a system is no easy 
task, however, for the only index pro- 
vided is a formula index, and it is hope- 
lessly inadequate. For example, under 
C:H.O appears the entry “ethyl alcohol” 
followed simply by about 200 page 
numbers that give no clue as to the na- 
ture of the second component. Under 
such circumstances the reader is prac- 
tically forced to a page-by-page search 
through one or more of the thousand- 
odd page volumes to find specific data, 
if indeed they are present at all. Al- 
though the over-all organization amelio- 
rates this situation somewhat, by no 
means do the volumes comprise a handy 
reference work. 

While there is no doubt that this set 
will prove useful to specialists con- 
cerned with the properties of binary 
systems, poor indexing and the failure 
to evaluate discordant sets of data 
greatly diminish the value of the work 
for general reference purposes. 

RICHARD H. EASTMAN 
Department of Chemistry, 
Stanford University 


Radiation Protection and Recovery. 
Alexander Hollaender, Ed. Perga- 
mon, New York, 1960. v + 392 pp. 
Illus. $12.50. 


Many efforts have been made to de- 
velop effective chemical and physiolog- 
ical-biological means to counteract the 
damaging effects of ionizing radiations. 
Often the situation appeared confused, 
the possibilities limited, practical appli- 
cations doubtful. However, persistent 
work in the field has changed this pic- 
ture. Today the multiplicity of ap- 
proaches appears, in retrospect, more 
uniform than anticipated, and in the 
proper arrangement of the scientific 
facts an impressive inventory of the 
present state of the art can be pre- 
sented. This is exactly what Hollaender 
does. The book’s 12 chapters cover the 
protection of macromolecules and dif- 
ferent biological systems, the experi- 
mental treatment of acute whole-body 


radiation injury in mammals, recovery 
phenomena, and photo-reactivation. The 
stimulation given to biology and med- 
icine—for example, Lorenz’s classical 
bone marrow experiment and its im- 
plications to tissue transplantation tech- 
niques, to immunological problems and 
related phenomena—becomes obvious. 
Historical remarks, cleverly inserted, 
vivify the presentation; their value 
might have been increased by more de- 
tailed consultation of the reports of 
the Atomic Energy Commission and 
other governmental agencies—for ex- 
ample the protective action of cysteine 
on the synthesis of desoxyribonucleic 
acid in the intestinal mucosa of x- 
irradiated rats was reported in 1952, 
long before rediscovery of the effect in 
1958. But perhaps it is such facts that 
make reading the book so interesting. 
The volume stimulates and it challenges. 
The pioneer in the field starts to revise 
old and to look for new ideas and in- 
terpretations; the mewcomer accepts 
gratefully the tremendous background 
information presented by the different 
contributions and so well selected by 
the editor. 
A. T. KREBS 
Department of Biology, 
University of Louisville 


Handbook of Microbiology. Morris B. 
Jacobs and Maurice J. Gerstein. Van 
Nostrand, Princeton, N.J., 1960. x 
+ 322 pp. Illus. $8.50. 


Compiled from contemporary litera- 
ture and arranged in 38 alphabetically 
organized, so-called “tables,” this book 
provides data for professional work in 
microbiology. Although it attempts a 
broad coverage of bacteriology, there is 
little on viruses, and protozoology per 
se is omitted. The 150-page, first table, 
which describes 160 species of bacteria, 
leaves out several important species— 
for example, Salmonella paratyphi and 
Haemophilus ducreyi—and includes a 
few of slight importance—for example, 
Spirillum volutans and Pseudomonas 
ovalis. Synonyms should have been in- 
cluded, and space couid have been 
saved by a different arrangement: more 
than 30 lines are used for the fermen- 
tation reactions of Acetobacter aceti. 

The classes, orders, suborders, fami- 
lies, and genera of bacteria, rickettsia, 
and viruses according to Bergey’s 
Manual (1957) are listed, but I see no 
need for including Krassilnikov’s classi- 
fication (1949). Table 6 allots 21 
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pages to 260 antibiotics. Mitomycin 
gets 64 lines, bacitracin a third as much, 
and there are 10 lines for tetracycline. 
Table 15 gives the phenol coefficients 
against Salmonella typhosa and Sta- 
phylococcus aureus for nearly 400 sub- 
stances. There are brief descriptions of 
130 culture mediums and of 76 mi- 
crobiological reagents and tests, and 12 
pages are devoted to 105 stains. There 
are also temperature conversion tables, 
tables of most probable numbers, and 
a listing of Shigellae and Salmonellae 
serotypes. Four tabulations outline 
bacterial, viral, and rickettsial diseases. 
Nine small tables deal with such sub- 
jects as the differentiation of Neisseria 
species. Toxins, antitoxins, and antisera 
and toxoids and vaccines are charac- 
terized in Tables 20a, b, and c. The last 
table diagrammatically illustrates four 
methods for preparing “test dilutions,” 
a rather elementary note on which to 
end. The lack of a general index makes 
the book less useful. The volume con- 
tains surprisingly few errors for a first 
edition and is a useful book, but it is 
hardly a “handbook,” in the old Ger- 
man sense. 

LELAND W. PARR 
George Washington University, 
Washington, D.C. 


Physics and Archeology. M. J. Aitken. 
Interscience, New York, 1961. x + 
181 pp. Illus. $6. 


Archeologists are unusually fortunate 
in being able to capitalize on the re- 
searches of scholars in other disciplines, 
and this book ably summarizes some 
of the ways in which the techniques 
of physics can be applied to the solu- 
tion of archeological problems. The 
author deals primarily with two funda- 
mental facets of research: the finding 
of archeological remains and the dat- 
ing of such finds. A final chapter is 
concerned with the physical and chem- 
ical analysis of specimens, 

The finding of sites utilizes aerial 
photography (mentioned briefly) and 
instruments that recognize variations in 
remanent magnetism and in electrical 
resistivity of soils. These instruments 
(including the proton magnetometer) 
are particularly useful for finding indi- 
vidual features within a site, such as 
filled ditches or graves, buried floors, 
and ancient pottery kilns. Although such 
scientific detection methods have been 
proved effective in many cases, they 
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are still in their exploratory phases, 
and only a minority of archeologists 
have actually made use of them. This 
is partly because many archeologists 
have not yet acquired the instruments 
or learned how to use them and partly 
because problems in application some- 
times defeat the techniques. As the 
author points out, buried horseshoes 
or natural pockets of moisture in the 
ground can register as strongly as the 
sought-for archeological features. How- 
ever, these techniques will no doubt 
be more widely used in the future be- 
cause they can certainly reduce the 
amount of expensive hit-or-miss dig- 
ging now necessary in archeological 
sampling. 

One chapter is devoted to the now 
well-established method of radiocarbon 
dating, and another to the somewhat 
less satisfactory techniques of magnetic 
dating; several other techniques for 
dating are mentioned briefly. The dis- 
cussions are admirably organized, lucid, 
and informative; the author has suc- 
cessfully presented the facts without 
requiring the reader to have a special- 
ist’s knowledge to understand them. 

One interesting example, in the final 
chapter (on analysis), is the use of 
chemical dating in analyzing Roman 
coins of the first two centuries a.D. 
These coins show a steadily decreas- 
ing zinc content, apparently due to loss 
of zinc when old coins were melted 
down and reused to make new ones. 
This example typifies the search for 
dating techniques—any measurable reg- 
ularity through time is of potential 
value to archeology, for time is the 
archeologist’s stock in trade. 

CLEMENT W. MEIGHAN 
Department of Anthropology and 
Sociology, University of California, 
Los Angeles 


Scientific and Technical Societies of the 


United States and Canada. NAS- . 


NRC Publ. 900. Compiled by John 
H. Gribbin et al. National Academy 
of Sciences—National Research Coun- 
cil, Washington, D.C., ed. 7, 1961. 
512 pp. $9. 


An alphabetically arranged list cov- 
ering 1836 professional and selected 
amateur societies in scientific and tech- 
nical fields: Part 1 lists 1597 in the 
United States; part 2, 239 in Canada. 
Information provided about each so- 
ciety is concerned with its officers, his- 


tory, purpose, membership, professional 
activities, and the like. Periodicals pub- 
lished by the societies as well as the 
names of their medals, prizes, awards, 
and lectures and trusts are indexed. 


Living Fishes of the World. Earl S. 
Herald. Doubleday, New Yo.k, 1961. 
304 pp. Illus. $12.50. 


This handsome volume reflects the 
broad background of a professional 
ichthyologist who has become _inti- 
mately acquainted with many of the 
species about which he writes through 
his experience as director of Steinhart 
Aquarium and through field work in 
areas richly endowed with fish. To 
those who have not yet joined the grow- 
ing ranks of skin divers, particularly 
along tropical shores, the kaleidoscopic 
natural colors in the 145 magnificent 
color plates may seem incredible. The 
beauty of the plates is greatly enhanced 
by artistic choice of backgrounds and 
by numerous interesting poses, closeups, 
and habitat shots. 

After a brief introduction, Herald’s 
discussion of fishes, which follows along 
systematic lines (essentially Regan’s 
classification), ranges from the primi- 
tive jawless hagfishes and lampreys 
through the sharks and their allies to 
the so-called bony fishes (which include 
the majority of living species, approxi- 
mately 15,000 to 20,000 kinds). He 
stresses groups less often treated in 
popular aquarium books. Characteris- 
tics, habits, range, and life history in- 
formation are covered, and they yield 
such interesting facts as the use of 
“sonar” by African elephant fishes, the 
practice of intestinal respiration by 
Asiatic loaches, the maturing as func- 
tional females of certain sea basses that 
later reverse their sex to become func- 
tional males, and the “cleaning” of ecto- 
parasites from large fishes, chiefly by 
small wrasses (illustrated in plates 27 
and 98). Plates 80 and 83 show the 
striking sex dichromatism that occurs 
in the male and female of the same 
species of parrotfish (page 204). 

Professional ichthyologists (for whom 
the volume was not written) may be 
mildly upset by the use of the terms 
“ventral” and “tail” fins, especially since 
many other technical terms are used. 
Some misstatements are inevitable in 
a work of this scope, and misspellings 
have crept in, but such minor discrep- 
ancies can be easily corrected in a re- 
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vised edition. The not infrequent wide 
separation of text reference and color 
plate could be avoided by a page refer- 
ence to assist the reader. 

There is a brief glossary, a bibliog- 
raphy, and an index. The author, the 
photographers, and the publisher are to 
be congratulated for producing a work 
that is well worth its purchase price. 

ROBERT RUSH MILLER 
Museum of Zoology, 
University of Michigan 


Radiation Damage in Solids. Douglas 
S. Billington and James H. Craw- 
ford, Jr. Princeton University Press, 
Princeton, N.J., 1961. xi + 450 pp. 
Illus. $12.50. 


In recent years it has become in- 
creasingly apparent that many of the 
most useful and striking properties of 
solids depend directly or indirectly 
upon the presence of imperfections in 
the crystalline lattice, that is, upon 
the defect structure of the solid. Dra- 
matic changes may occur in the physi- 
cal properties of materials subjected to 
energetic irradiation, because of the 
production of defects. Unfortunately 
for nuclear technology, such effects 
are particularly pronounced in _ fissile 
materials. In other engineering applica- 
tions, as well, new and stringent re- 
quirements on defect structure have 
arisen for solids for use as structural 
materials at very high or very low 
temperatures or for use as complex 
electronic circuit components. The 
availability of very intense sources of 
energetic radiation which facilitate 
controlled investigation of the crystal- 
line defects thereby produced has 
therefore encouraged the study of these 
crystal defects for their own sake. 

Billington and Crawford, long asso- 
ciated with fundamental studies, pri- 
marily in neutron damage, at Oak 
Ridge National Laboratory, have set 
down a comprehensive yet compact ac- 
count of the whole field of radiation 
effects studied by physicists and metal- 
lurgists. Included in this volume are 
accounts of the effects in metals, alloys, 
minerals and glasses, ionic crystals, 
semiconductors, and even in those 
particularly perverse substances urani- 
um and graphite. Reference is made to 
the work, through 1959, of nearly 600 
scientists. 

Many useful criticisms and evalua- 
tions of the work discussed are incorpo- 
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rated. The authors have not hesitated 
to include impartial accounts of con- 
flicting studies in which final judg- 
ments cannot yet be reached, but oc- 
casionally they have not been ruthless 
enough to leave out some work which 
is muddled or which defies comparison 
with other investigations. 

The treatment is well adapted to the 
needs of one who is considering, doing, 
or interpreting experimental work on 
radiation damage or lattice imperfec- 
tions. Three introductory chapters pre- 
sent the essential results of existing 
calculations of the inelastic interac- 
tions of radiation with solids as well 
as of important secondary effects, an 
outline of the influence of lattice im- 
perfections on the properties of solids, 
and a critical and practical discussion 
of radiation sources suitable for dam- 
age studies. 

As might be expected in a growing 
field, progress in obtaining unambigu- 
ous experimental results and in under- 
standing them has been startlingly pre- 
cise in some cases and depressingly in- 
complete in others. Understanding of 
a broad range of effects has now been 
reached in a qualitative and phenom- 
enological manner. 

R. O. Simmons 
Physics Department, 
University of Illinois 


New Books 


Biological and Medical Sciences 


The Actinomycetes. vol. 2, Classifica- 
tion, Identification and Descriptions of 
Genera and Species. Selman A. Waks- 
man. Williams and Wilkins, Baltimore, 
Md., 1961. 372 pp. Illus. $15. 

Advances in Blood Grouping. Alexan- 
der S. Wiener. Grune and Stratton, New 
York, 1961. 561 pp. Illus. $11. 

Annual Review of Medicine. vol. 12. 
David A. Rytand and William P. Creger, 
Eds. Annual Reviews, Palo Alto, Calif., 
1961. 462 pp. $7. 

The Bacteria. A treatise on structure 
and function. vol. 2, Metabolism. I. C. 
Gunsalus and Robert Y. Stanier, Eds. 
Academic Press, New York, 1961. 587 
pp. $15. 

Biology and Comparative Physiology of 
Birds. vol. 2, A. J. Marshall, Ed. Aca- 
demic Press, New York, 1961. 478 pp. 
Illus. $14. 

Cell Function. An introduction to the 
physiology of the cell and its role in the 
intact organism. L. L. Langley. Reinhold, 
New York; Chapman and Hall, London, 
1961. 389 pp. Illus. $7.50. 

Communication among Social Bees. 
Martin Lindauer. Harvard Univ. Press, 
Cambridge, Mass., 1961. 152 pp. Illus. 
$4.75. 


Diagnostic Cytology and Its Histo- 
pathologic Bases. Leopold G. Koss. Lip- 
pincott, Philadelphia, Pa., 1961. 393 pp. 
Illus. $16.50. 

The Doubleday Pictorial Library of Na- 
ture: Earth, Plants, Animals. Josephine 
Perry, Ed. Doubleday, New York, 1961. 
359 pp. Illus. $9.95. 

Elements of Zoology. Tracy I. Storer 
and Robert L. Usinger. McGraw-Hill, 
New York, ed. 2, 1961. 472 pp. Illus. 
$7.25. 

Explorations into the Nature of the Liv- 
ing Cell. Robert Chambers and Edward 
L. Chambers. Harvard Univ. Press, Cam- 
bridge, Mass., 1961. 376 pp. Illus. $8. 

Francis Walker’s Aphids. John P. Don- 
caster. British Museum (Natural History), 
London, 1961. 172 pp. Illus. £3. 

Functional Anatomy, Mammalian and 
Comparative. W. James Leach, McGraw- 
Hill, New York, ed. 3, 1961. 346 pp. Illus. 
$6.50. 

Growth, Development, and Pattern. 
N. J. Berrill. Freeman, San Francisco, 
Calif., 1961. 560 pp. $10. 

The Human Cerebellum. An atlas of 
gross topography in serial sections. Jay 
B. Angevine, Jr., Elliott L. Mancall, and 
Paul I. Yakovley. Little, Brown, Boston, 
Mass., 1961. 147 pp. Illus. $15. 

Intermediary Metabolism in Plants. 
David D. Davies. Cambridge Univ. Press, 
New York, 1961. 120 pp. Illus. $4. 

Macromolecular Complexes. M. V. 
Edds, Jr., Ed. Ronald, New York, 1961. 
263 pp. Illus. $7. Proceedings of the sym- 
posium sponsored by the Society of Gen- 
eral Physiologists, September 1959. 

Manual of Clinical Bacteriology. Alex- 
ander Kimler, Lippincott, Philadelphia, 
Pa., 1961. 214 pp. $4.75. 

Mechanical Measurements. T. G. Beck- 
with and N. Lewis Buck. Addison-Wesley, 
Reading, Mass., 1961. 573 pp. Illus. $8.75. 

New Soviet Surgical Apparatus and In- 
struments and Their Application. M. G. 
Anan’yev. Translated by John B. Elliott. 
David Brooks, Ed. Pergamon, New York, 
1961. 232 pp. Illus. $12.50. Compiled 
from the proceedings of the first scientific 
session of the Scientific Research Institute 
for Experimental Surgical Apparatus, De- 
cember 1956. 

Oligocene Plants from the Upper Ruby 
River Basin Southwestern Montana. Mem- 
oir 82. Herman F. Becker. Geological 
Soc. of America, New York, 1961. 134 
pp. Illus. + plates. 

Orchids of Peru. Fieldiana: Botany, vol. 
30, No. 4, pp. 787-1005. Charles Schwein- 
furth. Chicago Natural History Museum, 
Chicago, Ill., 1961. $4.50. 

Orthopadische Krankengymnastik. Fried- 
rich Popp. Fischer, Jena, 1961. 170 pp. 
Illus. DM. 12.30. i 

Paper Electrophoresis. A review of 
methods and results. L. P. Ribeiro, E. Mit- 
idieri, and O. R. Affonso. Elsevier, Am- 
sterdam, 1961 (order from Van Nostrand, 
Princeton, N. J.). 475 pp. Illus. $14. 

The Plant Community. Herbert C. Han- 
son and Ethan D. Churchill. Reinhold, 
New York, 1961. 230 pp. Illus. $4.95. 

Vollwertige <rnihrung und Gemein- 
schaftsverpflegung. J. S. Somogyi and H. 
Kapp, Eds. Karger, Basel, Switzerland, 
1961. 193 pp. Illus. Paper. 
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REPORTS 


The Iranian 


Prehistoric Project 


New problems arise as more is learned of the first 
attempts at food production and settled village life. 


Robert J. Braidwood, Bruce Howe, Charles A. Reed 


Abstract. Many indications point toward 
the hill flanks of the Fertile Crescent in 
southwestern Asia as the scene of the 
earliest development of effective food 
production and a village-farming-commu- 
nity way of life, some 10,000 years ago 
or less. In its 1959-60 field season, with 
a staff made up of both cultural and 
natural historians, the Iranian Prehistoric 
Project reclaimed further evidence of this 
important transitional step in human his- 
tory. This is a short interim report, based 
entirely on an in-the-field assessment of 
the materials. 


The Iranian Prehistoric Project (1), 
with essentially the same senior staff as 
that of the old Iraq-Jarmo projects 
(2, 3), spent a field year in the inter- 
montane valleys of the Zagros Moun- 
tains near Kermanshah in Iran, from 
September 1959 through June 1960. 
The expedition’s field collections 
reached Chicago late in 1960, and work 
on the processing and interpretation of 
these materials is now beginning. The 
goal of this expedition, as of the pre- 
vious ones, was the reclamation and 
interpretation of evidence for the earli- 
est appearance of an effective food- 
producing and _ village-farming-com- 
munity way of life. 

Various circumstances dictated the 
shift from the somewhat lower valleys 
(about 2500 feet) of essentially the 
same environmental zone in _ Iraqi 
Kurdistan (2, pp. 9-17, 25-31) to the 
valleys of Shahabad, Mahidasht, .and 
Kermanshah, at an elevation of about 
4500 feet and extending from about 
33°45’N to 34°45’N and from 46°15’E 
to 47°15’E. Since the prehistory of this 
part of Iran was largely unknown, we 
commenced our field season with a 
surface survey for both caves and 
open-air sites, and we maintained some 
survey activity until the late spring of 
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1960. Over 250 prehistoric sites were 
thus located, and their surface materials 
were tentatively classified into eight 
rough chronological groups or models 
(4), which must represent—in a very 
general way—a time span of culture 
history from about 100,000 years ago 
to about 5000 years ago. Sites yielding 
surface materials suggesting the time 
range from about 15,000 to about 8000 
years ago—the interval during which 
the swing to effective food production 
and village-farming communities must 
have occurred—were well represented, 
and several of these were selected for 
excavation in the spring of 1960. 

The rock shelter called Warwasi, 
about 12 km northeast of Kermanshah, 
yielded a sequence of flint industries 
from a phase of the Mousterian through 
a sequence of blade tools which in- 
cluded both Baradostian and Zarzian 
levels. On the basis of the field classi- 
fication of these materials alone, there 
is reason to suspect little typological 
disconformity in this developing se- 
quence, which probably ends at about 
10,500 years ago. 


Asiab 


A small low mound called Asiab, 
overlooking the Kara Su river about 6 
km east of Kermanshah, yielded a flint 
industry probably contemporary with, 
although hardly an exact technotypolog- 
ical counterpart of, the Karim Shahirian 
of Iraqi Kurdistan. There are some 
coarser, ground-stone artifacts in the 
Asiab assemblage, also beads, pend- 
ants, and bracelet fragments of marble, 
and numerous small clay objects, in- 
cluding a few enigmatic figurines. 


Roughly one-quarter of a large more- 
or-less round and shallow basin ap- 
peared (estimated diameter, about 
10 m), perhaps the floor of some kind 
of semisubterranean structure. Two 
red-ochre-stained burials, many animal 
bones, and great quantities of river 
clams, but virtually no Jand snails, were 
found at Asiab. 

For Near Eastern prehistory at least, 
the exceptional find at Asiab was great 
quantities of what we interpreted to be 
coprolites. Should these indeed prove to 
be coprolites and to be human, they 
will be an invaluable clue to the diet 
of a group of people who had already 
achieved a somewhat settled way of 
life on the basis of intensified region- 
alized food collecting, and who also 
should have been on the road to “in- 
cipient agriculture.” These objects we 
are calling coprolites are definitely of 
the size and shape of human coprolites, 
and they occur in great concentrations 
within the living area at Asiab, which 
circumstance also would indicate a 
human origin. Coprolites of wild ani- 
mals would not be expected to occur 
there, and we have no evidence for 
domestic animals at Asiab. 

Pending future radioactive-carbon 
determinations, our suggested date for 
Asiab is somewhere between 11,000 
and 9000 years ago, in general con- 
formity with the C“ determination for 
the similar cultural stage recorded at 
Zawi Chemi Shanidar in Iraqi Kurdis- 
tan (5). 


Sarab 


At another low small mound, called 
Sarab, which lies about 7 km east- 
northeast of Kermanshah, an assem- 
blage of prehistoric materials was ex- 
cavated which, in part, strongly recalls 
artifactual elements of the  village- 
farming-community assemblage at 
Jarmo in Iraqi Kurdistan. In fact, the 


‘pottery, the clay figurines, the finer 


work in ground stone, and the flint and 
obsidian industries might be said to be 
typological advances over their Jarmo 
counterparts within the same general 
technological traditions. But in contrast 
to Jarmo (which had rather well built, 





Dr. Braidwood is Oriental Institute professor 
of Old World prehistory, and professor in the 
department of anthropology, University of 
Chicago, Chicago, Ill; Dr. Howe is research 
associate in  paleolithic archaeology, Peabody 
Museum, Harvard University, Cambridge, Mass.; 
and Dr. Reed is associate professor of zoology 
at the College of Pharmacy, University of Illi- 
nois, Chicago. 
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rectilinear, mud-walled houses of sev- 
eral rooms), Sarab appears to have had 
very informal, semi-pit structures at 
best (perhaps with reed-covered roofs), 
and the site does not give the im- 
pression of year-round permanency, as 
did Jarmo. Nor have we yet firm indi- 
cations of the presence of wheat or 
barley, an important element of the 
Jarmo assemblage, although it is possi- 
ble that traces of these cereals may yet 
appear as molds in lumps of earth (6). 
The site did yield many animal bones, 
and the field identifications gave firm 
indications of the presence of domesti- 
cated goats at least, a standard element 
at Jarmo (7). Also, as at Jarmo, there 
was a great concentration of shells of 
a local land snail, Helix salomonica, 
undoubtedly gathered for food. A 
smaller number of “coprolites” also 
appeared on Sarab. 

But Sarab does not, it seems, fit the 
theoretical picture of an early village- 
farming community nearly as neatly 
as did Jarmo. Hence it raises some very 
interesting problems of culture history 
and problems regarding prevailing 
theory as well. Until counts of the 
Sarab radiocarbon samples have been 
made, our guess is that the site must 
date to about 9000 to 8000 years ago. 


Natural Scientists in the Field 


From January 1960 onward, the 
natural scientists on the expedition staff 
joined the field party. Charles A. Reed 
(University of Illinois), zoologist, con- 
tinued his collections, particularly of 
the Mammalia, begun in Iraqi Kurdi- 
stan in 1954—55, and he also was in 
charge of the osteological materials 
from the various excavations. Herbert 
E. Wright (University of Minnesota), 
geologist, concentrated during this field 
season on the collection of pollen cores; 
he reports, as his laboratory studies be- 
gin, that the prospects for an assess- 
ment of the climatic patterns of the 
area are very good. Wright and his 
graduate assistants were also able to 
take samples in several other parts of 
the Near East. Jack R. Harlan (Okla- 
homa State University and U.S. De- 
partment of Agriculture), botanist, col- 
lected broadly (with emphasis on the 
cereals), secured samples from the ex- 
cavations, and, at the end of our field 
season, continued his collecting east- 
ward into Afghanistan, Pakistan, and 
India, returning in February 1961, via 
Abyssinia. Harlan has passed on to us 


23 JUNE 1961 























45 “a a1 “a 43 UJ 
",*, KARIM SHAHIR | . : : 
Kirkuk JARMO , —_—s"—— International boundary 
—— River 
mocceconne Contour 
hs - 
WARWASI 
SARAB Excavoted sites 
iP 4M 
43 
<j & 
lu 
Ts 47° a 49° se 
























The Iranian Prehistoric Project: During the 1959-60 field season the project’s expedi- 
tion excavated three sites, Warwasi, Sarab, and Asiab, near Kermanshah, in search 
of evidence on the development of village farming communities by early man. The 
new sites are south and east of the previously excavated sites at Jarmo and Karim 
Shahir (top left), in Iraqi Kurdistan. [Based on a U.S. Air Force long-range navigation 


chart, 1:3,000,000] 


his in-the-field impression that, as far 
as the ecological situation in Asia is 
concerned, the locale for the effective 
domestication of the wheat-barley ce- 
reals does not lie east of Kurdistan. 

As the “coprolites” began to appear 
at Asiab, Hans Helbaek (Danish Na- 
tional Museum), paleoethnobotanist, 
was once more able to rejoin the staff 
for a fortnight. Frederick R. Matson 
(Pennsylvania Staie University), spe- 
cialist in technological history and 
preparational techniques, arrived later 
in the spring and undertook further de- 
tailed ceramic studies, collected raw 
clays, secured radiocarbon samples from 
the various sites, and did one short 
sounding excavation of a later prehis- 
toric site, as did Cornelius Hillen 
(Middle East Institute, Rotterdam). 
For a short while, also, we were 
joined by Albert A. Dahlberg (Uni- 
versity of Chicago), dental anthro- 
pologist, who undertook examina- 
tions of human teeth, both from 
the excavations and of the contempo- 
rary inhabitants. Dahlberg is interested 
in the possibility that both the con- 
formation and the wear of teeth may 
reflect the dietary change which must 
have accompanied the appearance of 
food production. Finally, functioning 


as an ethnologist throughout the year, 
Patty Jo Watson (University of Chi- 
cago) undertook studies of the contem- 
porary villages of the area, especially 
from the point of view of their material 
goods and agricultural routine. 


Preliminary Conclusions 


Since the laboratory processing of 
the materials is only now under way, it 
is too early to speak of absolute results. 
Our immediate post-field impression 
does include a feeling that the Kerman- 
shah valleys may lie slightly too high 
to have been in the optimum part of 
the environmental zone for utilization, 
by ‘incipient agriculturists, of the po- 
tential plant and animal domesticates. 
Further, with respect to the origin of 
food production, while our field work 
so far certainly does not incline us to- 
ward explanations which link postulated 
climatic fluctuations with early food 
production in a causative sense (2, p. 
175), we are bearing in mind recent 
suggestions (8) that an abrupt climatic 
swing occurred about 11,000 years ago. 

It is true that the now desiccated 
stretches of the Zagros hill flanks, at 
elevations from about 1000 to 2500 


2009 





feet, have not yet been adequately ex- 
amined. A new survey is now being 
planned which will link the higher 
Kermanshah valleys with the alluvium 
of the Khuzestan plain, by traverses 
along various tributaries of the Kark- 
heh River. Jf incipient agriculture had 
its earliest beginnings at these lower 
levels, to be shifted upslope rather ab- 
ruptly just after 11,000 years ago be- 
cause of an onset of desiccation, the 
traces of “incipient” settlements at the 
lower altitudes should certainly appear 
during such an intensive survey. 
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Electrophoretic Analysis of 
Immobilization Antigens of 
Paramecium aurelia 


Abstract. The isoelectric points of the 
immobilization antigens A, B, and D of 
strain 51 of Paramecium aurelia (variety 
4) have been determined to be 4.0, 3.9, 
and 4.3, respectively. 


When paramecia are placed in 
homologous antisera, an immobilization 
reaction takes place which may result 
in the death of the animals if they are 
exposed to sufficiently high concentra- 
tions. Beale (/) and Preer and Preer (2) 
have demonstrated that the immobiliza- 
tion antigens are associated with the 
cilia and body wall. Preer (3) has 
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isolated the immobilization antigens 
and has shown that they constitute the 
major soluble protein in the cilia. In- 
vestigations by Sonneborn (4) have 
shown that within a given strain there 
can be produced a series of alternative 
serotypes whose individuals contain one 
of a number of specific antigens. Pre- 
vious genetic analysis has revealed the 
interaction of the cytoplasm, genes, and 
environment in determining the antigen 
expressed [see Beale (5) for a detailed 
review]. 

Transformation from one serotype 
to another may occur spontaneously or 
may be induced by a variety of con- 
ditions (4). It is, however, possible to 
obtain and maintain large quantities of 
animals of a pure serotype under speci- 
fied conditions. 

Although each serotype within the 
homozygous strain 51 may readily be 
distinguished serologically, certain cross 
reactions occur. Preer (6) has reported 
the occurrence of groups into which the 
antigens may be placed dependent upon 
their cross reactions. For example, 51 
A and 51 B show a weak cross reaction, 
while neither cross reacts with 51 D. 

In light of the genetic control over 
antigen production and specificity, it is 
of interest to gain an understanding of 
the structural differences that exist on a 
molecular level as a direct reflection 
of the differences that exist among the 
respective genes. This report is con- 
cerned with the electrophoretic proper- 
ties of the proteins as the first step in 
characterizing chemically the structural 
differences between certain of the im- 
mobilization antigens which can be pro- 
duced by the homozygous strain 51. 

The electrophoretic behavior of the 
immobilization antigens A, B, and D 
of strain 51 of Paramecium aurelia 
(variety 4) was studied with a Perkin- 
Elmer model 38 Tiselius apparatus. The 
electrophoresis buffers employed in all 
tuns were 0.1 ionic strength and were 
prepared by the method described by 
Miller and Golder (7) with a pH range 
of 2.6 through 11.5. The specific anti- 
gens were isolated by Preer’s technique 
(3). In order to facilitate comparison, 
mixtures, rather than the individual pro- 
teins were subjected to electrophoresis. 
Mixtures were prepared so that they 
consisted of two parts of A and one 
part of B; other mixtures consisted of 
two parts of A and one part of D. One 
component was made twice as con- 
centrated as the other to aid in identi- 
fication. Identification was confirmed 
by taking samples from their respective 
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Fig. 1. Tracings of the ascending electro- 
phoretic patterns of 2:1 mixtures (stock 
51) of antigens A and B, and A and D, 
respectively. 


zones in the Tiselius cell and identifying 
them serologically. 

Figure 1 represents tracings of the 
electrophoretic patterns of mixtures of 
A and B, and A and D. Mobilities were 
calculated, and complete curves for A 
and D appear in Fig. 2. The isoelectric 
points of A, B, and D were determined 
to be 4.0, 3.9, and 4.3, respectively. The 
isoelectric point of antigen A is in 
agreement with the estimate made by 
Preer from paper electrophoresis (8). 

Antigens A and B separated only 
after prolonged electrophoresis at pH 
values near their respective isoelectric 
points, demonstrating a close similarity 
in their net charges. This similarity is 
reflected by the closeness of their iso- 
electric points. A and D, on the other 
hand, showed separation at all pH 
values run between 2.6 and 11.5. The 
electrophoretic behavior parallels the 
ammonium sulfate solubilities and im- 
munological relationships reported by 
Preer (7). As previously mentioned, 
antigens A and B cross react, while 
neither shows any cross reactivity with 
antigen D. Antigens A and B possess 
the same ammonium sulfate solubility, 
while antigen D exhibits a higher am- 
monium sulfate solubility. 
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Fig. 2. Calculated mobility curves for an- 
tigens 51 A and 51 D. 
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Bishop and Beale (9) working with 
variety 1 of P. aurelia, have reported 
different electrophoretic mobilities on 
starch gel for three different isolated 
antigens, G, D, and T. 

The differences in immunological 
relationships, ammonium sulfate solubil- 
ities, and isoelectric points suggest that 
the antigens differ in their amino acid 
sequence. However, the possibility that 
the variations result only from differ- 
ences in the gross pattern of folding 
cannot be ruled out. Studies designed 
to settle this point are now being 
undertaken. It is hoped that light will 
be shed on the general problem of the 
genetic control of protein specificity 
(10). 

EDWARD STEERS, JR. 
Division of Biology, University 
of Pennsylvania, Philadelphia 
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Excitation and Inhibition of 
Neuronal Firing in Visual 
Cortex by Reticular Stimulation 


Abstract. The frequency of action po- 
tentials of about one-third of the neurons 
sampled in the striate cortex of awake 
rabbits was clearly modified by mild stimu- 
lation of the reticular core of the brain 
stem. Reticular stimulation often brought 
about enhancement of firing in units ac- 
tivated by light, while it usually had the 
contrary effect upon light-inhibited units. 


A behavioral study (7) has demon- 
strated that the threshold of tachisto- 
scopic discrimination can be lowered 
by electrostimulation of the brain-stem 
tegmentum, thus indicating that retic- 
ular activation facilitates some central 
process of vision. The purpose of the 
present investigation (2) was to study 
how reticular activation affects single 
neurons in the visual cortex. In acute 
experiments, these cells have already 
been shown to be influenced by stimu- 
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lation of diffuse projection nuclei of the 
thalamus (3). However, the use of 
chronic animals is more desirable for 
such investigations than the use of any 
kind of acute preparation, in which 
lesion of tissues or the action of some 
drug may obscure effects attributable 
to the experimental variables. 

The experiments were performed on 
New Zealand white rabbits. Steel micro- 
electrodes, made according to Green’s 
technique (4), were utilized for record- 
ing action potentials of single units. 
Each animal was surgically prepared 
under anesthesia, at least 1 day before 
any experiment. A tubular steel im- 
plant, fitting in a trephine hole in the 
skull, was cemented to the bone after 
the underlying dura had been removed. 
Two electrodes for stimulation were 
introduced through another hole and 
implanted in the mesencephalic teg- 
mentum. The skin was sutured around 
the electrode leads and the metal im- 
plant. The lumen of the latter was filled 
with warm mineral oil and sealed with 
a threaded cap. 

For an experimental session the 
animal was put in a hammock, and the 
mineral oil in the implant was replaced 
by a 4-percent solution of agar at 40°C 
which solidifies at body temperature, 
thus eliminating respiratory movements 
of the brain. To drive a microelectrode 
for recording, a special hydraulic micro- 
positioner, resembling in some features 
the one developed by Hubel (5), was 
used (Fig. 1). A hollow adapter, 
screwed to the implant, is the base to 
which a nylon cylinder is fastened. The 
microelectrode is set in the center of a 
nylon piston riding inside and is elec- 
trically coupled to the input of an 
amplifying system through a cathode 
follower. A vent in the side of the 
adapter maintains the space between 
piston and agar at atmospheric pres- 
sure, while the cylinder is filled with 
oil above the piston and connected to a 
micrometer-syringe by polyethylene 
tubing. When the syringe is advanced, 
the microelectrode tip traverses the agar 
and penetrates the cortex. The prepara- 
tion permits repeated punctures in each 
animal for a number of days. 

Diffuse binocular light was used 
(about 1070 lux at the corneas), last- 
ing 1 sec or more. The animals, with 
eye atropinized, were in the dark be- 
tween stimuli. Reticular stimulation 
was applied in trains, usually 250 msec 
long, of 300-cy/sec pulses. Intensity, 
normally ranging between 50 and 150 
pa, was always chosen so that it was 


insufficient to cause any kind of motor 
reaction. The position of all brain-stem 
electrodes was histologically verified. 
One hundred units of the striate 
cortex were studied. It is assumed that 
the majority of records were extracel- 
lular and of cell-body spikes. The spon- 
taneous rate of unit impulses varied 
considerably, ranging from 0 to 54 
spikes per second, but most units ex- 
hibited slow (median, 1.47 spikes per 
second) and irregular firing. Grouped 
or clustered activity was seen, though it 
was far less common than it is in 
thalamic units under the same experi- 
mental conditions (6). According to 
their reactions to light, all units were 
classified as Jung et al. have done with 
cortical cells in the cat (7): 13 units 
showed an increment of firing rate at 
the onset of illumination (B-type of 
Jung); 14 were inhibited at the “on” 
of the light and showed an “off” dis- 
charge (D-type); and 21 other units 
reacted with increments of discharge 
both at “on” and “off” of the light (E- 
type). One-half of all units did not 
show any definite reactions to long dif- 





Fig. 1. Micropositioner. (a) Implant; (5) 
adapter; (c) microelectrode. The alumi- 
num top of the cylinder is connected to 
the input. 
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fuse illumination (A-type). These units 
were not completely unresponsive to 
light, but their reactions were extreme- 
ly inconstant and weak; some of them, 


while not responding to long light 
stimuli, did respond to brief flashes of 
higher intensity. Only two units were 
found to be inhibited at “on” and “off” 
of the light (C-type). Some _ units 
responded to moving luminous spots 
in the visual field, as Hubel has seen 
in cortical neurons of the cat (5), but 
responses of this kind were not explored 
systematically. 

Sixty-one units were unaffected by 
stimulating the brain stem, but the rest 
showed clear frequency changes in 
response to this stimulus, and the effects 
persisted for some time after its cessa- 
tion. The firing of 14 units was ac- 
celerated, while that of 25 others was 
slowed down by reticular stimulation 
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Fig. 2. Record excerpts from two single 
units: (A) J, light-inhibited unit; 2, same 
unit in dark, inhibited by reticular stim- 
ulus. (B) J, light-activated unit; 2, same 
unit activated by reticular stimulus alone; 
3, same unit, reticular stimulus during 
light. Records read from left to right. 
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alone. Although there were exceptions, 
it was observed that light-activated units 
tended to be accelerated by-the reticular 
stimulus, whereas units showing light 
inhibition tended to be likewise in- 
hibited by the reticular stimulus (Fig. 
2). In many such cases light and 
tegmental stimulation, when applied 
simultaneously, interacted with each 
other in mutual reinforcement. The 
majority of those units which did not 
respond to light were not affected by 
reticular stimulation. Discharges in- 
duced by darkness, prominent in most 
D- and E-units at the cessation of light, 
were in some instances enhanced and 
in others inhibited by brain-stem stimu- 
lation. No correlation was found be- 
tween cortical depth and types of re- 
sponse to either light or electrical stimu- 
lation. 

This study demonstrates that reticular 
activation can result in excitatory or 
inhibitory modulation of certain neu- 
rons in the striate cortex. Furthermore, 
it shows that this modulation acts in 
many instances synergically with lumi- 
nous stimuli, although more work is 
needed to determine how this syner- 
gism is accomplished. Since both ex- 
citatory and inhibitory synaptic effects 
have been demonstrated in cortical cells 
by stimulation of the lateral geniculate 
body (8), it is possible that the reticu- 
lar influences reported here are exerted 
upon presynaptic neurons at the genicu- 
late or intracortical levels. 

It has been postulated (/) that the 
same basic process that secures arousal 
from sleep—that is, the generalized ac- 
tivation of the cortex by the reticular 
core of the brain stem—is responsible 
in the awake organism for the attain- 
ment and maintenance of states of high 
receptivity of the sensory cortex. Thus, 
such a mechanism might underlie a 
descent of sensory thresholds in be- 
havioral alertness. Some support for 
this postulaitc is provided by the fact 
that reticular activation, experimental- 
ly elicited, has differential effects upon 
various visual cortical cells according 
to the characteristics of their responses 
to optic stimuli. It is recognized that 
these characteristics are determined by 
the nature of the receptive fields of the 
individual units, the spatial configura- 
tion of stimulus intensities, and other 
possible factors which account for the 
complexity of the cortical representa- 
tion of visual patterns. 

The probably ubiquitous character 
of reticular activation upon sensory 


areas does not preclude the existence of 
more specialized processes, perhaps 
corticothalamic, conceivably operating 
to channel reticular tonus, and that 
may be at the basis of selective focus- 
ing of attention. 

JOAQUIN M. FUSTER 
Departments of Psychiatry and 
Anatomy, School of Medicine, 
University of California, Los Angeles 
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Auxetic Growth in the Javanese 
Toad, Bufo melanostictus 


Abstract. Morphologically, it has been 
found that erythrocyte size in the Javanese 
toad is greater in large than in small ani- 
mals, and preliminary data indicate that 
the same is true of kidney, intestinal, and 
liver cells. Physiologically, the hemoglobin 
concentration, packed cell volume, spe- 
cific gravity of the whole blood, and the 
liver glycogen concentration also increase 
with the size of the animals. 


One of the advantages of working 
with tropical amphibians on Java 
springs from the fact that the unchang- 
ing climatic factors, especially tempera- 
ture and humidity, and the unending 
food supply, make it possible for them 
to maintain constant reproductive and 
physiological conditions throughout the 
year. These conditions remain un- 
changed in spite of the fact that the 
majority of amphibians in the Indo- 
nesian Archipelago have migrated there 


. from northern areas where they are 


known to undergo seasonal physiologi- 
cal and reproductive cycles as do other 
temperate-zone amphibians. 

It has recently been shown by Church 
(1) and his co-workers (2) that in 
Bufo melanostictus and Rana cancrivora 
the reproductive patterns and underly- 
ing physiological mechanisms governing 
them, as indicated in the storage of liver 
glycogen, fat bodies, hemoglobin con- 
centrations, and pituitary sizes and se- 
cretions, have been altered from the 
temperate-zone norms to favor a more 
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complete adaptability of the animals 
to the unchanging tropical environment 
into which they have migrated. 

From these studies it was found that 
not only the reproductive physiology, 
but also the growth of the animals, 
was affected directly or indirectly by 
the unchanging climate. 

It is a well-known fact that a poikilo- 
thermous animal will continue to grow 
throughout its lifetime, and size thereby 
becomes a measure of age. It is usually 
assumed that this growth and accretion 
of bulk is attained for the most part 
through the mitotic increase of cells, 
although Donaldson (3) has shown that 
in the cerebral cortex of the rat the 
number of cells increases until about 
20 days after birth, after which the 
subsequent increase in the weight of 
the brain is due largely to increase in 
the size of the cells; and Ott (4) re- 
ported that rat muscle increases in 


size in much the same way. A compar- ° 


able auxesis has been found to occur 
in Bufo melanostictus. 

In a study of the blood of B. melano- 
Stictus, erythrocytes have been found 
to increase in size continuously through- 
out the life of the animal. The sizes of 
the cells were determined by plani- 
metric measurements of camera lucida 
drawings of blood smears taken from 
animals varying in size from tadpoles 
showing hind-limb buds just beginning 
to develop, through metamorphosis, to 
the largest adults available (snout-vent 
length approximately 90 mm). In all, 
the blood of 16 groups, representing 
160 animals, was examined. Ten cells of 
each of ten animals in each group, 
totaling 100 cells per group, were 
drawn and measured. 

When the mean size of the erythro- 
cytes was plotted against the mean 
snout-vent lengths of the animals in a 
group from which the blood was taken, 
the size of the erythrocytes was found 
to increase with the size of the animal, 
those of the largest adults attaining a 
size twice that of a small tadpole (Fig. 
1). Wintrobe (5) has reported varying 
erythrocyte size in different amphibian 
species, and Fankhauser (6) has shown 
variations in cell size to occur in heter- 
oploid salamanders. But, except for a 
decided decrease in size-when the ani- 
mals left the water after metamorphosis, 
these results show a continuous increase 
of erythrocyte size with age in normal 
specimens within the same _ species 
(Fig. 2). 

Work in progress indicates that per- 
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Fig. 1. Camera lucida drawings showing size differences between (A) the erythrocytes 
of a Bufo melanostictus tadpole with limb buds just beginning to appear and (B) the 
erythrocytes of a large adult with a snout-vent length of 90 mm (about x 210). 


haps all somatic cells in B. melanostic- 
tus continue to grow  auxetically 
throughout life, and one of the inter- 
esting aspects of the investigation is 
that not only the morphology of the 
animals is involved but also their 
physiology. 

Preliminary studies indicate that kid- 
ney cuboidal epithelial cells and intesti- 
nal columnar epithelial cells continue 


to increase in size as the animals grow 
larger. The same may also prove true 
for liver cells. 

Physiologically, in spite of the fact 
that the erythrocyte count in B. melano- 
stictus remains more or less constant 
regardless of size, the hemoglobin con- 
centration, packed cell volume, and the 
specific gravity of the whole blood also 
increase with the size of the animals 
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Fig. 2. Auxetic growth of the erythrocytes of Bufo melanostictus. A to K represent 
stages in tadpole development; 10 to 90 mm are the snout-vent lengths of metamor- 
phosed animals. Tail resorption began at stage F and metamorphosis was completed at 
stage K. The animals had a snout-vent length of 10 mm when they left the water. Ex- 
cept for a decrease in the size of erythrocytes when the animals left the water, which 
was perhaps due to dehydration, the erythrocytes continued to increase in size until in 
the largest adults they were almost twice as large as in the smallest tadpoles. 
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(7). In females, the picture is compli- 
cated by a further increase in hemo- 
globin concentration and specific gravity 
accompanying the maturity of the ova- 
rian eggs. In the same way, the glycogen 
concentration of the liver is higher per 
gram of tissue in larger animals than 
in small (8). 

All in all these results show that as 
auxetic growth continues, concomi- 
tant physiological changes occur which 
probably affect the metabolism of the 
animal. To clarify this conclusion, ‘the 
effects of environmental changes in 
temperature, dehydration, and diet, and 
possible changes in the serum proteins, 
are being investigated in addition to 
the studies mentioned above. 

GILBERT CHURCH 
Department of Chemistry and Biology, 
Institute of Technology, 
Bandung, Indonesia 
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Synthesis of Bacterial Cellulose 
from Labeled Precursor 


Abstract. The isolation and purification 
of an immediate precursor of bacterial cel- 
lulose was confirmed with glucose ran- 
domly labeled with carbon-14. The glu- 
cose appears to be bound within the cell 
to a lipid, is carried across the bacterial 
cell wall, and is incorporated enzymatical- 
ly into cellulose extracellularly. 


The isolation and purification of a 
compound containing glucose bound to 
a lipid, from ethanol extracts of active 
suspensions of Acetobacter xylinum, has 
been described recently (1). This com- 
pound appears to be the precursor of 
bacterial cellulose in that it will form 
typical microfibrils in aqueous solutions 
containing an extracellular enzyme. 
Preparations of the compound were 
shown to be homogeneous by two- 
dimensional chromatography in an 
acidic and a basic solvent, as tested by 
four detector systems, including auto- 
radiography. We report here confirma- 
tion of the previous work from the re- 
sults of a study of the transfer of 
glucose randomly labeled with C* from 
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the above compound to cellulose, under 
conditions which simulate in vivo 
formation of microfibrils. These results 
afford additional insight into the mech- 
anism of biosynthesis of cellulose by 
this bacterium. 

Labeled precursor was prepared as 
follows: Cellulose-free, washed cells 
from 100 ml of a suspension of A. 
xylinum, prepared as described pre- 
viously (2), were incubated for 4 or 
5 min (depending on the activity of the 
individual cell suspension) at 35°C in 
a 2 percent glucose solution, 0.01M in 
phosphate buffer, pH 6.0. Sufficient 
glucose in this solution was randomly 
labeled with C™ to give radioactivity 
of 2.5 y»c/ml of initial solution. The 
isolation of the precursor from ethanol 
extracts of these suspensions, in the 
fourth fraction off a magnesium trisili- 
cate-Celite column, M4, was carried out 
as reported earlier (J). For autoradi- 
ography of the labeled preparations, 
paper chromatograms (acid-washed 
Whatman No. 1 paper 7 by 7 in.) were 
developed two-dimensionally by the 
descending technique in n-butanol, 
acetic acid, and water (4:1:1) and n- 
butanol, pyridine, and water (10:3:3). 
The chromatograms were then placed 
in contact with medical x-ray film, 
which was developed after 4 days of 
exposure. Quantitative estimates of the 
fraction of glucose incorporated into 
the precursor at any instant were not 
undertaken because the fraction is very 
small and the compound is sensitive to 
traces of water on the paper. For in- 
stance, drying the preparation on initial- 
ly slightly damp chromatographic paper 
will completely destroy it. 

The fraction containing the precursor 
of bacterial cellulose, M4, exhibited 
only one spot on the autoradiograms 
in the same position as the compound 
detected previously (J) by KIO:-starch 
reagent (3). At low concentrations 
round compact spots were observed, 
but at higher concentrations severe 


streaking of the chromatogram was - 


always present. This streaking is at- 
tributed both to a slow breakdown of 
the compound in the water phase and 
to a slow rate of attainment of equilib- 
rium. No traces of the predominant 
compounds in the suspension medium, 
glucose, and the gluconates were de- 
tectable in the autoradiograms of the 
M4 fraction. 

The incorporation of a component 
of M4 fraction into bacterial cellulose, 
under certain conditions, was demon- 
strated as follows: (i) 1 ml of M4 in- 





Typical chloroform-ethanol insol- 
uble, alkali-resistant, amorphous material 
formed by M4 fraction in the presence of 
only water. 


Fig. 1. 


cubated with 1 ml of water for 30 min 
at 35°C; (ii) 1 ml of M4 incubated as 
above with 1 ml of an ultrafiltered 
supernatant fraction of an active cul- 
ture which contains an enzyme catalyz- 
ing cellulose formation (4); (iii) 1 ml 
of ultrafiltered supernatant fraction in- 
cubated alone for 30 min at 35°C. 
After incubation, each sample was 
diluted to 10 ml with redistilled 
absolute ethanol and centrifuged at 
15,000 g for 15 min. The pellet, if any, 
was re-extracted with 3 ml of chloro- 
form to remove lipids and recentri- 
fuged. 

Ethanol-chloroform insoluble materi- 
al was formed principally in (ii), very 
little in (i), and none in (iii). The 
pellets from (i) and (ii) were digested 
with hot 4 percent NaOH to remove 
noncellulosic polymers (4), washed 


free of NaOH, dispersed in water, 





Fig. 2. Typical chloroform-ethanol insol- 
uble, alkali-resistant cellulose microfibrils 
formed by the M4 fraction in the presence 
of an enzyme in the ultrafiltered super- 
natant fraction of an active culture of 
A. xylinum. Note the presence of substan- 
tial amorphous material also. 
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dialyzed, mounted, and shadowed for 
examination in the electron microscope. 
Most of the material from (i) dissolved 
in hot NaOH and showed only traces 
of amorphous substance (Fig. 1). Con- 
versely, material from (ii) was fibrillar, 
resembling normal bacterial cellulose 
microfibrils (Fig. 2), and gave a posi- 
tive anthrone reaction (5). Radioac- 
tivity was detected when the micro- 
fibrillar material was spread on a 
planchet under a counter and when it 
was exposed as a thin film to an x-ray 
emulsion. The combined ethanol and 
chloroform extract from (i) was radio- 
active, but no radioactivity was detect- 
able in the combined extracts from (ii). 

These results confirm the previous 
conclusion that the compound in the 
M4 fraction is an immediate precursor 
of bacterial cellulose. They also con- 
firm the conclusion that a catalyst, 
which is probably an enzyme, is re- 
quired for the formation of the cel- 


lulose microfibrils from the precursor, . 


and that this enzyme is present in the 
extracellular medium of A. xylinum. 
This conclusion has been substantiated 
recently for A. acetigenum also (6). 
In the presence of the enzyme, the 
glucose. is transferred mainly from 
soluble precursor into insoluble cellulose 
microfibrils by tip growth (7). No evi- 
dence for the necessity of a primer was 
observed, but these experiments do not 
exclude this possibility. These results 
thus support the postulation of a dif- 
fusible intermediate by Schramm et al. 
(8). 

Presumably the precursor, contain- 
ing lipid-bound glucose, is formed with- 
in the cells from glucose taken up dur- 
ing incubation. The bound activated 
glucose is then transported across the 
cell wall, perhaps aided by the presence 
of a substantial lipid moiety. After the 
extracellular enzymatic transfer of the 
glucose portion of the molecule to the 
growing microfibril, the lipid fraction 
is probably recycled since it does not 
accumulate in the medium (9). 

A. W. KHAN* 

J. R. CoLvin 
Division of .Applied Biology, National 
Research Council, Ottawa, Canada 
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Nondestructive Method for 
Estimating Chlorophyll 
Content of Leaves 


Abstract. A quantitative relationship is 
shown to exist between the chlorophyll 
content of soybean and Valencia orange 
leaves and their percentage reflectance of 
light of wavelength 625 my as measured by 
a colorimeter with reflectance attachment. 


Incident to an investigation of the 
response of plants to iron supply, a 
method was needed whereby successive 
daily estimates of chlorophyll content 
could be made on the same leaf. Stand- 
ard methods were not suitable because 
they require destruction of the leaf. 
Since chlorotic leaves become greener 
to the eye as the chlorophyll content 
increases, it seemed likely that re- 
flectance of certain wavelengths from 
a leaf surface might be sufficiently well 
correlated with the chlorophyll content 
to serve as an estimate of that content. 
Reflectance measurements of leaves 
have been reported (/), and a general 
relationship has been recognized be- 
tween the percentage of incident light 
reflected and the chlorophyll and 
carotenoid pigment concentrations (2). 
Apparently no attempt has been made 
to utilize this relationship to obtain 
quantitative indications of changes oc- 
curring in the chlorophyll content of 
leaves. 

The basic instrument used was a 
colorimeter (Bausch and Lomb Spec- 
tronic 20) equipped with a reflectance 
attachment. It was soon established that 
the least difference in reflectance from 
the under surfaces of green and 
chlorotic soybean leaves occurred at 
wavelengths of about 665 and 465 my, 
while the greatest difference occurred 
at a wavelength of about 570 mu. 
These wavelengths occur in the regions 
of maximum and minimum absorption 
of chlorophyll and agree with the re- 
sults cited by Gabrielsen (2). Since the 
greatest difference in reflectance oc- 
curred at 570 my, this wavelength 
seemed to be the one to employ in de- 
veloping a relationship between chloro- 


co 


phyll content and reflectance. It was 
found, however, that a still greater 
spread in reflectance from green and 
chlorotic leaves could be obtained by 
using a wavelength of 625 imp and plac- 
ing a filter with peak transmission at 
that wavelength between the leaf and the 
white magnesium carbonate reflecting 
surface. 

To establish quantitative relationships 
between reflectance percentage and 
chlorophyll content, reflectance was 
measured for several hundred soybean 
leaves exhibiting different degrees of 
chlorosis induced by iron deficiency. 
These leaves were then sorted into 
groups. All leaves with reflectance read- 
ings between 33 and 37 percent (aver- 
age 35) were placed in one group, 
those between 38 and 42 percent in the 
next group, and so on. Replicate deter- 
minations were made of the chlorophyll 
content of each group, by the spectro- 
photometric method described by the 
Association of Official Agricultural 
Chemists (3). The coefficient of vari- 
ability of chlorophyll content within a 
group was found to be 8 percent. The 
results of these determinations (Fig. 1) 
show a high inverse relationship be- 
tween the logarithm of the reflectance 
percentage and the chlorophyll content 
of the leaves within the range of con- 
centrations studied. 

To test the method on a different 
type of leaf, Valencia orange leaves 
were used. These leaves, exhibiting dif- 
ferent degrees of chlorosis, regardless 
of the cause, were collected at random 
from local trees. The relationship be- 
tween reflectance readings and chloro- 
phyll content was found to hold about 
as well for these leaves (see Fig. 1) as 
for soybean leaves, except at the high- 
er levels where the straight-line rela- 
tionship no longer held. 
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Fig. 1. Relationship between reflectance 
and chlorophyll content of leaves. 
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The close correlation between re- 
flectance readings and chlorophyll con- 
tent indicates that changes in reflec- 
tance from day to day may be used to 
estimate changes in the chlorophyll 
content of a leaf from day to day. This 
is especially true for chlorotic leaves; 
for greener leaves, when the chlorophyll 
content approaches the maximum, fur- 
ther increases may not be proportion- 
ally indicated by decreases in reflect- 
ance. Because of this and other limita- 
tions, the method can be used to the 
greatest advantage in detecting changes 
or relative differences in the chlorophyll 
content of leaves responding to different 
treatments. 

Reflectance readings for a_ given 
chlorophyll content have been found to 
change with the age of the vacuum 
tubes and batteries of the instrument 
as well as with the species and variety 
of the plants being studied. The instru- 
ment should therefore be calibrated 
regularly against standard chlorophyll 
determinations. 

Other precautions must also be taken. 
The readings must be made in the 
shade and not in direct light, and care 
must be taken that a major vein does 
not intercept the light bear to be re- 
flected. Light must be prevented from 
leaking into the instrument around the 
edges of the leaf. A small cushion of 
black foam rubber around the opening 
for the light source is helpful for this 
purpose. Readings must be made con- 
sistently from the same surface and 
the same portion of the leaf. When 
checkered or mosaic types of chlorosis 
develop, such as in manganese de- 
ficiency, it may be necessary to cal- 
culate the mean of many readings on 
the same leaf. 

The results shown in Table 1 indi- 


Table 1. Percentage reflectance and estimated 
chlorophyll content of soybean leaves in dif- 
ferent iron treatments. 








Days from 
start of Treatment 1* Treatment 2+ 
treatment 
Percentage reflectance 
0 56 58 
5 41 50 
8 35 45 
Estimated chlorophyll content, dry weight 
basis (mg/g) 
0 2.3 2.1 
5 4.4 3.0 
8 5.3 3.8 





*Iron added to Hoagland solution as 0.5 part 
of iron nitrilotriacetate per million. 7 Iron 
added to Hoagland solution as 0.5 part of iron 
ethylene bis-hydroxyphenylglycine per million. 
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cate how the method has proved useful 
in indicating the rate of chlorophyll 
development in leaves receiving iron 
in different forms. One hundred such 
readings can easily be made in 1 day 
(4). 

H. M. BENEDICT 

R. SWIDLER 

Stanford Research Institute, 
Southern California Laboratories, 
South Pasadena 
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Action of Gamma-Irradiation on 
Dimethyl Uracil in Aqueous 
Solution in Absence of Oxygen 


Abstract. The action of ionizing radia- 
tions on dimethyl uracil in aqueous solu- 
tion, in the absence of oxygen, was found 
to lead to the formation of the 4-dihydro, 
5-hydroxy dimethyl uracil (1), shown to 
be identical with that formed by the action 
of ultraviolet radiation. In addition, the 
corresponding 4,5-glycol (II) has also been 
identified as one of the reaction products. 


It has been shown by Sinsheimer and 
Hastings (J) that the action of ultra- 
violet light on uracil in aqueous sys- 
tems leads to a well-defined photo- 
product, which was suggested to be 4- 
dihydro, 5-hydroxy uracil. This sup- 
position was later confirmed by the 
synthesis of such compounds by various 
authors; in particular the dihydro- 
hydroxy compound from dimethyl 
uracil could be obtained in a crystalline 
form (2). 


We have recently studied the action 


of ionizing radiation (Co” y-rays and 
200-kv x-rays on aqueous solutions of 
uracil and dimethyl uracil. In the pres- 
ence of oxygen, the pyrimidine bases 
give the more or less stable hydroxy- 
hydroperoxides and also the corre- 
sponding glycols (3). The radiation- 
induced formation of a glycol from 
cytosine has recently been reported 
by Eckert and Monier (4). 

In solutions irradiated in the absence 
of oxygen, we have now been able to 


identify among the products the corre- 
sponding pyrimidine 4,5 glycol and, in 
the case of dimethyl uracil, the 4- 
dihydro, 5-hydroxy compound (Fig. 1). 
The mechanism of the formation of 
the dihydro-hydroxy compound and 
of the glycol could go by way of the 
successive addition of a hydrogen atom 
and of a hydroxyl radical or of two hy- 
droxyl radicals at the 4 and 5 double 
bond or by dismutation between two 
pyrimidine radicals. It is, however, 
also possible that in this system the 
formation of the dihydro-hydroxy com- 
pound proceeds in a way somewhat 
similar to the photochemical process— 
that is, by excitation of the pyrimidine 
molecule—since it has been pointed out 
previously that the relatively low ener- 
gy electrons, formed in the absorption 
of ionizing radiations, should be able 
to bring about excitation processes sim- 
ilar to those produced by ultraviolet 
radiation (5). 

Dimethyl uracil, in particular, was 
chosen as a model compound as it had 
been previously investigated in detail. 

In the presence of oxygen a product 
is formed which on treatment with 
acid gives an_ ultraviolet-absorbing 
compound having a peak at 283 my at 
pH 2 and at 310 mp» at pH13. This 
latter product was identified by chro- 
matography as dimethyl isobarbituric 
acid, suggesting that the original radia- 
tion product was dimethyl uracil glycol 
(II). 

In the absence of oxygen, irradiation 
gave rise to a product, which on treat- 
ment with acid also gave an increase 
in the ultraviolet absorption with an 
absorption peak at 269 my at pH 2; 
on subsequent treatment with alkali (to 
pH 13) this spectrum was modified to 
give two peaks, a major absorption at 


O 


C 
cH \<% 


OH 
O=C 
\ aie H 


Fig. 1. Structure of the 4-di. ydro, 5-hy 
droxy dimethyl uracil (I) and ‘te cor- 
responding 4,5 glycol (II). In I, X is H; 
in II, X is OH. 
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266 mp and a smaller peak at about 
310 my. This spectral behavior can be 
accounted for if the formation of both 
the glycol and the 4-dihydro, 5-hydroxy 
compound (I) are assumed to occur in 
the ratio of about 1:3. The glycol 


gives, on acid treatment, dimethyl 
isobarbituric acid and the dihydro-hy- 
droxy compound, after the acid-cata- 
lyzed dehydration, gives dimethyl uracil 
with an absorption maximum at 266 
my in both acid and alkali solutions. 

The dihydro-hydroxy product and 
the glycol have also been characterized 
in other ways. 

1) Chromatography of the product 
treated with acid showed the presence 
of both dimethyl isobarbituric acid and 
dimethyl uracil. 

2) The rate of formation of the 
ultraviolet-absorbing product on treat- 
ment with acid was compared with the 
rate of formation of the ultraviolet- 
absorbing product formed photochemi- 
cally from dimethyl uracil. 

The second order rate constant (at 
25°C) of the acid-catalyzed restoration 
of the ultraviolet absorption at pH 1.30 
was found to be 1.13 xX 10° lit. mole* 
sec" for the photochemical product 
and 1.10 xX 10° lit. mole* sec* for 
the product obtained on_ irradiation 
with x-rays; this latter value was con- 
firmed by measurements of the rate of 
double-bond restoration from the up- 
take of molecular bromine, which gave 
a rate constant of 1.12 xX 10° lit. 
mole sec”. 

These figures support the conclusion 
that one of the products formed by 
x-irradiation of aqueous solution of 
dimethyl uracil, in the absence of oxy- 
gen, is the 4-dihydro, 5-hydroxy com- 
pound, ident cal with that produced 
photochemica ly (6). 

G. ScHOLEs 

J. F. Warp 

J. J. WEISS 

University of Durham, King’s College, 
Newcasile upon Tyne, England 
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Five New Minerals from 
Moctezuma, Sonora, Mexico 


Abstract. Five new minerals have been 
found in a tellurium deposit near the 
town of Moctezuma, Sonora, Mexico. Pre- 
liminary study shows that they are a lead- 
oxy-fluoride, a zinc tellurite or tellurate, 
a manganese-zinc tellurite or tellurate, a 
manganese tellurite or tellurate, and an 
iron tellurite or tellurate. 


Mineralogical interest in the deposit 
at Moctezuma was first aroused by the 
identification of several rare minerals, 
including mackayite, emmonsite, tel- 
lurite, native tellurium, and _ paratel- 
lurite. Paratellurite was recently de- 
scribed by Switzer and Swanson (/). 
Moctezuma is the second occurrence 
of mackayite and paratellurite. 

Five new species of minerals have 
been found in this deposit. Since com- 
plete chemical data are not available, 
the naming of these minerals is being 
delayed. Preliminary descriptions of 
the five minerals follow. 

Lead-oxy-fluoride, which was found 
in extrernely small amounts, occurs as 
minute, yellow plates with a high 
adamantine luster. The x-ray powder 
data agree with those for synthetic 
Pb:OF: published by Bystrém (2). The 
x-ray data and appearance of material 
synthesized during the present study 
are the same as those of the natural 
mineral. At present, there is not enough 
of the mineral for a chemical analysis. 

Zinc tellurite or tellurate occurs as 
small, brown, hexagonal prismatic crys- 
tals terminated by a bipyramid. It is 
optically uniaxial positive with 4 = 
1.85 + 0.01 and e = 1.93 + 0.01. A 
spectographic analysis gave only zinc 
and tellurium as major constituents. 
The x-ray powder data do not match 
those of any known tellurium minerals. 
The strongest spacings (in angstroms) 
are 8.1 (very strong), 4.04 (strong), 
and 2.75 (strong). 

Manganese-zinc tellurite or tellurate 
is a red to purple mineral which occurs 
in platy masses. Partial optical data 
are: biaxial positive, 2V = 60° (esti- 
mated, 8 = 1.89, and y > 2.10. The 
specific gravity, determined with the 
Berman balance on 20 mg of material, 
is 5.01 = 0.02. Since only manganese, 
Ziac, and tellurium were reported as 
major constituents by spectrographic 
analysis, the mineral is probably a 
manganese Zinc tellurite c: tellurate. 
X-ray vowde: data are different from 
those of known tellurium minerals. The 
strongest spacings (in angstroms) are 


2.98 (very strong), 3.30 (strong), 1.62 
(strong), 4.00 (strong —), 4.93 (med- 
ium strong), and 2.21 (medium strong). 

Manganese tellurite or tellurate oc- 
curs as pale green to colorless platy 
masses and occasionally as_ small 
euhedral crystals. The crystals are 
plates and have an octagonal shape. 
The material examined has variable 
physical properties, and an isomorphous 
series is indicated. The following data 
are averages of values obtained from 
several samples. The mineral is opti- 
cally biaxial positive, 2V = 15° (esti- 
mated), a and £ are approximately 
1.89, and y is about 2.0. The specific 
gravity is 5.05. Spectographic analysis 
yielded manganese and tellurium as 
major constituents and zinc in lesser 
amount. Strongest spacings (in ang- 
stroms) are 2.03 (strong), 3.36 (strong 
—), and 2.61 (strong —). 

Iron tellurite or tellurate (a mineral 
or mineraloid) is amorphous to x-rays 
and occurs as red-brown botryoidal 
coatings. Optically the material is very 
weakly anisotropic and has a mean in- 
dex of 1.885 + 0.005. The specific 
gravity is about 3.7. Only iron and 
tellurium were detected as major con- 
stituents by spectographic analysis. 

JosEPH A. MANDARINO 
Earth Sciences Division, Royal 
Ontario Museum, Toronto 
Scott J. WILLIAMS 
Scott Williams Mineral Company, 
Scottsdale, Arizona 


References 


1. G. Switzer and H. E. Swanson, Am. Mineral- 
ogist 45, 1272 (1960). 

2. A. Bystrém, Arkiv Kemi, Mineral. Geol. 24A, 
1 (1947). 


7 Febcuary 1961 


Evaluation of the Origins 
of Strort:um-90 Contained 
in Wheat Plant 


Abstract. Twenty percent of the stron- 
tium-90 in heat flour in 1959 was due 
to root absorption, 30 percent was due to 
floral absorption ‘com soil particles at- 
tached to the ear, and 50 percent was due 
to current fallout. In 1960, 35 percent 
was due to root absorption, 50 percent to 
floral absorption from soil, and 15 percent 
to current fallout. 


For evaluation of the Sr” hazard 
level in the iuiure, the argumes: con- 
cerning radioactive contamination of 
vheat and other cereals by fallout has 
been narrewed down te the problem of 
now much Sr® in grain depends on the 
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Table i 
tium unit, micromicrocurie of Sr® per gram 
of Ca) in various parts of wheat -plants her- 
vested in 1959 and 1960. Treatment I is the 
sample with the ear covered with a paraffin- 
paper envelope during ie period from ear- 
shooting to harvest. Treatment II is the sam- 


Sirontium-90 concentration (stron- 











ple with the whole plant covered with a 
polyethylene sheet during the same period. 
1960 
1959 1960 Treat- Treat- 
ment I ment II 
Leaf 
650 180 180 92 
Husk 
1800 690 190 R2 
Bran 
340 80 30 37 
Flour 
160 95 38 25 





cumulative Sr” deposition in soil and 
how much depends on the current Sr” 
fallout rate (7). 

The wheat plants harvested in 1959 
and 1960 at Chiba City were analyzed 
for Sr” content. In addition, special 
treatments were applied to the 1960 
samples. One group from this year was 
covered with a polyethylene sheet on 
the whole body from the shooting stage 
until harvest; another group was cov- 
ered, during the same period, with a 
paraffin paper envelope on the ear only 
to eliminate the floral absorption of 
or’. 

The concentrations of Sr” in various 
parts of wheat were found te be much 
lower in 1960 than in 1959. This should 
be causec by the marked decrease of 
the S:” fallout rate in the spring of 
1$60 compared with that during the 
corresponding period in 1959. But the 
difference in the Sr” content in wheat 
during these years is so small compared 
with the remarkable difference in the 
Sr” fallout rate in the spring of these 
two years. The monthly fallout zate of 
Sr” from April to June in 1959 was 
approximately 1 to 2 mc/km’; for the 
same period in 1960 it was 0.2 to 0.3 
mc/km’* (2). This period is from ear- 
shooting to harvest of the wheat plant. 
Direct Sr” contamination of grain by 
current fallout would be mostly from 
fallout during this period, because not 
much radioactive strontium, which has 
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accumulated in the foliage, can b«¢ 
transmitted to the ear of the cereal 
plant (3). 

From the above considerations, if 
the current /allout of S:” were the main 
ccntributor to the content of Sr” in the 
grain, the content should be five times 
lower in 1960 than in 1959. But wheat 
flour showed a decrease of only one- 
half, or less, of the Sr” content in 1960. 
These phenomena suggest that the cu- 
mulative deposit of Sr” on land niight 
have an important role in the amount 
in cereals. As for root absorption, the 
wheat-flour sample treated with the 
covering as stated already, which elimi- 
nated the floral absorption of Sr”, 
showed about one-third of the amount 
in the untreated sample, as shown in 
Table 1. This value indicates the 
amount of Sr” due only to root absorp- 
tion from soil. Therefore, another frac- 
tion of Sr”, namely two-thirds of the 
amount in flour in 1960, is due to floral 
absorption. But this is too large to be 
assumed to be due to current fallout 
of S°*, because the fallout rate of Sr” 
in this period was only one-fifth of that 
in the corresponding period in 1959. 
Therefore, a pretty large fraction of 
this floral absorption might be due to 
the fine particles of surface soil raised 
up by the wind and adhering to the ear 
of the plants. The Sr” in these particles 
might be absorbed directly into the 
grain. Thus Sr” found in wheat flour 
could be separated into the following 
three categories, according to their ab- 
sorptive routes: (i) floral absorption 
from current Sr” fallout (x, 1960; 5x, 
1959); (ii) floral absorption from Sr” 
in soil particles (y, 1959 and 1960): 
(iii) root absorption from cumulative 
Sr” in soil (z, 1959 and 1960). 

If the variables x, y, and z can rep- 
resent the tiusee fractions shown above, 
the following formulas can be obtained 
by using the values from Table 1. 


Sx+y+2z= 160 
x+y+z 95 
z= 30 


On solving these formulas, the values 
of zx = 16, y= 55, and.z = Sv were 
obtained. With these values, obtained 


Table 2. Evaluation. of each fraction of Sr® 
in wheat flour due to various origins of con- 
tamine‘icn. Amounts are in strontium units 
Numbers in rarentheses indicate percentages. 








Origin 1959 1960 
From soil 
Roo: absorption 30 (29) 30 (35) 
Floral absorption 50 (30) 50 (50) 
From cuvrent fallout 
Floral absorption 80 (50) 15 (15) 





as above, the amourt of Sr® in wheat 
flour in 1959 and 1960 can be inter- 
preted as shown in Table 2. As shown 
in the table, for the Sr” content in 
wheat flour in 1959, when fallout of 
Sr” was quite high in the spring, the 
current fallout rate contributed to one- 
half of the amount of Sr”. On the con- 
trary, in 1960, when the fallout rate 
was much lower, the current fallout 
rate contributed to only one-sixth or 
one-seventh of the amount. The fioral 
absorption from the soil particles raised 
up by the wind was the largest con- 
iributor. 

For bran, husk, and leaf, the con- 
tribution of the current fallout rate is 
assumed to be larger than for wheat 
flour, as seen in Table 1. 

From these considerations, the Sr” 
content of wheat flour is assumed to 
maintain the level of the 1960 sample, 
unless the Sr” content in soil should 
change for any reasons, such as leach- 
ing out, decrease of availability for 
plant, and so furth, because the present 
level of Sr” in wheat flour is mostly 
(approximately 80 to 90 percent) origi- 
nating from soil contamination (4). 

RYUSHI ICHIKAWA 
MICHIKO ABE 
Masako ETo 
National Instituie of Radiological 
Sciences, Chiba City, Japan 
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ASSOCIATION AFFAIRS 





Science Teaching in Elementary 


and Junior High Schools 


A study made by the AAAS, with the aid of a grant 
from the National Science Foundation, is reviewed by 


“It is not at all necessary that the 
average man should be acquainted 
with ihe latest theory of the universe 
or the newest hormone, but it is very 
necessary that he should iinderstand as 


clearly as possible the purpose and 
method: of science. This is the busi- 
ness ¢! our schools, not simply of the 


colleges but of all the schools from the 
kindergarten up.”—-GEORGE SARTON 


There is urgent need for major im- 
provement in the science instruction 
offered in elementary and junior high 
schools. In the hope oi finding ways 
to effect ¢his improvement, three con- 
ferences of teacher: and scientists, all 
sponsored by the AAAS but con- 
ducted independently, recently consid- 
ered the following aspects of science 
instruction; present practices and 
materials; recent efforts to create new 
courses for senior high schools; and 
recent ey.periments in teaching young 
children. 

The conferences reached the follow- 
ing conclusions: instruction in science 
should be a regular part of the cur- 
ticulum irom kindergarten througa 
grade 9 (and beyoad, but the confer- 
ences cons dered only ‘these grades); 
a major effort te improve science in- 
struction in these grades should be 
undertaken; and ‘nis effort should in 
volve improving both course materials 
and classroom teaching. 


Conference Arrangements 


In order to keep conference discus- 
sion groups to a manageable size and 
in order to include representatives of 
different parts of the country, three 
regional conferences were held instead 
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the steering committee. 


of one large national conference, ine 
conferences were held in St. Louis, 
Missouri, from 8 to 10 January 1961; 
in Berkeley, California, from 5 to 7 
February; and’ in Washington, D.C., 
from 12 to 14 March. Fach conference 
was arranged by a local committee, 
with Dean Thomas Hall of Washing 
ton University chairman of the St. 
Lovis committee, Professor Owen 
Charoberlain of the University of Cali- 
fornia chairman of the Berkeley com- 
mittee, and Professor John Tell of the 
University of Maryland chairman oi 
the Washington committee. 

Each conference included about 50 
participants, drawn from the ranks of 
elementary and junior high school 
teachers. schooi principals, supervisors 
of elementary and junior high school 
science instruction, science educators, 
scientists from various disciplines, rep- 
resentatives of one or more of the 
senior high school course-content-im- 
provement programs, and psychologists 
interested in learning and learning 
theory. 

The local committee for each con- 
ference scheduled two or three ad- 
dresses related to scieace education 
but left most of tie conference time 
for discussion im smaii panels. At the 
final session of each conference the 
panci reperts were presented and dis- 
cussed by the entire conference. 

Each panel was given a set of ques- 
tions prepared by the local committee. 
The questions varied from one con- 
ference to another. Each conference 
worked without knowledge of the 
recommendations of any previous con- 
ference. Participants in all three con- 
ferences were furnished background 
information concerning the current 
status of science teaching in the ele- 


mentary and junior hich schoo! grades 
and the texts available for these grades. 
The background papers (7) were “Sci- 
ence fur grades seven, eight, and nine,” 
by Abe S. Fischler; “The current status 
of science education in the elementary 
schools,” by Jacqueline V. Mallinson; 
“Current activities in elementary and 
junior high school scierice,” ty Dorothy 
C. Mataia; “Elementary school science 
and mathematics education in Western 
Europe,” by Margaret J. McKibben; 
and “Review of science textbooks cur- 
rently used ii elementary schools,” by 
Albert Piltz. 

The indepeadence of the three con- 
ferences and the somewhat different 
questions that were posed to start the 
discussion groups to work should be 
emphasized, for out of: this diversity 
came clear agreement upon a number 
of statements and recommendations. 


Points of Agreemeent 


There was very substantial agree- 
Ee upon all of the following points. 

1) Science should be a basic part 
of general education for all students at 
the elementz:y and junior high school 
levels. As a part of general education, 
science should constitute a regularly 
scheduled part of the curriculum in 
all zrades. The purpose is to equip all 
persons ior life in a scientific and 
technological society. if all of the 
more than 35 millior. pupils in elemen- 
tary and junior high schools can be 
given good experiences in science, all 
will have a good start toward scientific 
'teracy. Young children are naturally 
curious about the universe and are 
ccatinuously exploring their immediate 
environment. During these early years 
cxiidren form their basic attitudes, pat- 
terns of thinking, and modes of be- 
havior. It is therefore during these 
years that particular attention rvst 
be given to establishing the attit. es 
and modes of inquiry that are assoc:- 
ated with the scientitic enterprise—its 
processes and content. Whatever the 
school does, children are inevitably 
exposed to “science” and technology 
through all forms of mass communica- 
tion, but they can acquire understand- 
ing of these powerful forces only 





Members of the steering committee for the 
study are Thomas S. Hall, Washington Univer- 
sity, chairman; Paul E. Blackwood, U.S. Office 
of Education; Margaret W. Efraemson, Rudolph 
S. Walton Public School, Philadelphia; Philip G. 
Johnson, Cornell University; John R. Mayor, 
AAAS; Thornton Page, Wesleyan University; 
and Dael Wolfie, AAAS. 
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through an orderly intellectual experi- 
ence in the study of science. This 
orderly intellectual experience is the 
responsibility of the school. 


2) Instruction at the elementary 
levels should deal in an organized way 
with science as a whole. Science in- 
struction should not be limited to one 
of the separate disciplines, such as 
biology, chemistry, or physics, but 
should develop specific awareness of 
natural phenomena, good habits of ob- 
servation, understanding of classifica- 
tion, function, quantification, order, 
and other basic ideas used in science, 
drawing on all the sciences for ex- 
amples. Certain areas serve best to 
illustrate or instruct in certain aspects 
of scientific reasoning, and the signifi- 
cance of scientific principles can best 
be made apparent when they are shown 
to be applicable in several fields. Al- 
though flexibility and variety are desir- 
able, it is essential to have a well-de- 
fined structure for science courses, so 
that the load of answering extraneous 
questions does not become impossible 
for the elementary teacher, and so that 
the order and connectivity of science 
can be properly presented. 

3) There must be a clear progression 
in the study of science from grade to 
grade. Science instruction at the ele- 
mentary and junior high school levels 
should be planned and coordinated as 
a ten-year sequence, beginning with 
kindergarten and continuing through 
grade 9. (Science should continue to 
be a part of the curriculum in grade 
10 and beyond, but this report covers 
only the kindergarten-to-grade-9 pe- 
riod.) Haphazard samplings, uncoordi- 
nated repetitions, overlap and glaring 
omissions should yield to systematic 
developmental instruction in science, 
based on the best knowledge of science 
itself, the scientific needs of society, 
the maturing child, and the learning 
process. While one purpose of a plan- 
ned progression is to avoid boring and 
wasteful repetition of the purely de- 
scriptive treatment of such subjects as 
the solar system, weather, and the clas- 
sification of leaves, a more important 
purpose is to introduce as early as 
possible the methods and systematic 
characteristics of scientific inquiry. 

4) There should be no single, na- 
tional curriculum in science. The con- 
ference participants were insistent that 
no attempt be made to develop a single 
program for use in all school systems. 
This judgment was based partly on 
philosophical objections to central dic- 
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tation of curricular planning, and partly 
on recognition that alternative choices 
of subject matter and order of progres- 
sion might be equally effective. In dif- 
ferent regions of the country different 
illustrative materials are available. The 
pace and level of instruction differ 
from one school to another. So do the 
details of the curricular organization 
into which science instruction must be 
made to fit. Schools will therefore wish 
to have some choice among well-de- 
signed sets of science materials. More- 
over, no one knows the best order and 
selection from among all that might be 
taught; alternative sets of material 
should be tried out. 

5) Science teaching should stress the 
spirit of discovery characteristic of 
science itself. Nothing is more con- 
trary to the spirit of science, and noth- 
ing more damaging to student and 
teacher morale, than to present science 
as a series of factual findings to be 
memorized. The science curriculum 
will, of course, teach concepts, theories, 
principles, and content areas, but the 
real purposes behind their selection 
must be kept in mind, and while the 
student is learning content he should 
also be learning methods of observa- 
tion, the importance of checking ob- 
servations, the role of measurement 
and the use of instruments to extend 
man’s senses, how to interpret and be 
critical of data, and that as a quest 
for new knowledge science is constantly 
changing. These purposes are not 
achieved if students simply memorize 
findings without “discovering” them, or 
recognizing how they were discovered. 
Discovery is possible at all levels. The 
simplest step for the child is to dis- 
cover phenomena and to observe re- 
lationships that are new to him; at a 
higher level he can learn to discover 
relationships by experimentation; and 
at a still higher level he should learn 
to discover by abstract reasoning. 

6) New instructional materials must 
be prepared for in-service and pre- 
service programs for science teachers. 
In addition to the instructional mate- 
rials to be used by the pupils, it will 
be necessary to prepare a comprehen- 
sive set of instructional aids to be 
used by the teachers and by those who 
provide instruction for teachers—a 
clear rationale of the science program, 
manuals and guides to provide ideas 
for various types of activities, mono- 
graphs for basic information and for 
supplementary study, descriptions of 
suitable demonstrations and displays, 


instructions for appropriate. experi- 
ments, and films and other audio-visual 
aids. Sample tests and examinations 
should also be provided as a basis for 
proper evaluation of student progress, 
and as guides to the teachers in pre- 
paring examinations that will empha- 
size scientific principles and methodol- 
ogy instead of the memorization of 
facts. 

7) The preparation of instructional 
materials will require the combined ef- 
forts of scientists, classroom teachers, 
and specialists in learning and teacher 
preparation. A substantial team effort 
will be required to produce the high- 
quality materials needed for a major 
improvement in science teaching. This 
high quality can best be assured if 
scientists, classroom teachers, science 
supervisors, college staff members who 
offer science courses for teachers, psy- 
chologists and experts in child develop- 
ment, and specialists concerned with 
reading and other instructional aids 
work closely together in the produc- 
tion and in the revision of materials. 

8) There is great urgency to get 
started on the preparation of improved 
instructional materials for science. Each 
year of delay means that one additional 
age group of children will finish school 
without the advantage of the kind of 
excellent science instruction that could 
be provided. We lack sufficient knowl- 
edge of child development and of how 
children learn science to assure produc- 
tion of the best possible teaching mate- 
rials, but improvement based on the 
knowledge that is available should be 
started now, while investigations or re- 
search go forward to lay the basis for 
still better teaching materials in the 
future. 


Discussion of the Curriculum 


The present concern’ regarding 
science education in the elementary and 
junior high schools derives from the 
feeling that future citizens must be 
generally cognizant of the nature of 
science and its role in human existence. 

This basic point and those stated 
earlier were expressed by all three con- 
ferences. A number of additional rec- 
ommendations for improving science 
instruction and a number of specific 
suggestions were made in the reports 
of one or more of the discussion panels 
of the three conferences. The renorts 
of the individual discussion groups have 
been distributed to the participants and 
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will be made available to those who 
may be assigned responsibility for the 
proposed major effort. A sampling of 
these recommendations is given in this 
section. 

The conference participants believe 
that science is an essential part of bal- 
anced educational development, and 
one panel recommended that the basic 
core of the elementary school cur- 
riculum be science and the humanities. 
Modern technology is an increasing 
part of common knowledge, but the 
study of science should not be sub- 
servient to the study of technology. 
More than anything else the purpose 
of science in general education is to 
develop a more complete view of life 
in a scientifically oriented world cul- 
ture. 

Such goals are not to be accom- 
plished by an encyclopedic approach; 
appreciation of science can be Jevel- 
oped only through understanding the 
qualities of scientific enterprise—the 
process of science. This process is an 
intellectual pursuit; to the extent that 
that it deals largely with concept for- 
mation and validation, it is a creative 
activity. Science education at all levels 
should be based on these major aspects. 

The role of speculation, prediction, 
and test in science implies a quantitative 
as well as a qualitative approach. Thus, 
measurement and quantitative reason- 
ing should play a role in the curriculum 
comparable to the observational and 
descriptive aspects of science. The 
participants felt that better coordina- 
tion between science and mathematics 
is important, particularly in the junior 
high school, and that a definite effort 
should be made to make use of mathe- 
matical ideas and methods in science 
in grades 7, 8, and 9. 

Several of the conference groups 
provided lists of examples of the 
science content for grades up through 
the ninth. Among broad concept areas 
listed in the several conference reports 
were cosmology, evolution, ecology, 
structure and function, reproduction 
and development, structure of matter, 
energy interrelations, and changes of 
state of matter. Two of the discussion 
panels proposed that in the junior high 
school one year each be devoted to 
topics from the earth sciences, the 
biological sciences, and the physical 
sciences. 

In junior high school science the 
participants believe that it is much 
more desirable to study a limited num- 
ber of topics in depth than to provide 
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a sketchy introduction to a great many 
ideas. One group listed geometrical op- 
tics, electricity, mechanics, states of 
matter, structure of matter, use and 
control of energy, and environment 
and human needs (including earth, 
atmosphere, water resources, and bio- 
logical resources). Any one of these 
areas was thought to deserve at least 
one fourth of the time in one of the 
junior high school years. 

Other suggestions from various 
groups, on which there was general 
agreement, and which refer to science 
programs from kindergarten through 
junior high school, are as follows. 

1) Strong blocks of knowledge 
should be developed which cut across 
traditional science disciplines. The se- 
quence in which these units are used 
should be determined within a three- 
grade range by cooperative planning 
of the teachers concerned. 

2) The curriculum should be flex- 
ible enough to provide satisfaction and 
enlightenment to all students and to 
challenge the academically talented. 

3) Teachers should employ the ex- 
perimental approach to science, with 
emphasis on inductive learning. 

4) As he enters grade 10, the stu- 
dent should appreciate such philosoph- 
ical aspects of science as the distinction 
between operational definitions and 
theoretical definitions, the relationship 
between speculation and observation, 
and the displacement of one theory by 
another. 


Improvement of Teacher Education 


One study panel at each conference 
was devoted to problems of teacher 
education. All agreed upon the great 
need for improvement in the science 
education of teachers at the elemen- 
tary and junior high school levels. It 
is unrealistic to try to provide summer 
institutes for the nearly one million 
elementary school teachers who devote 
some of their time to science teaching. 
Hence institutes for this level of in- 
struction may well be limited to ele- 
mentary school personnel who can 
provide leadership for and assistance 
to other teachers. 

The conferences gave a considerable 
amount of attention to administrative 
changes that would enable school 
systems to take greater advantage of 
teachers with special interest and train- 
ing in science. One group recommend- 
ed the use of specially competent 


science teachers to serve as consultants 
to classroom teachers in the elemen- 
tary schools, in a ratio of one consult- 
ant to not more than 50 classroom 
teachers. This plan would require 
some 17,000 specialized teachers, em- 
ployed by single school districts or 
groups of smaller adjacent districts. 

The situation for junior high school 
teachers is of course very different. 
The numbers are not so large as to make 
it impossible to reach individual teach- 
ers. Some of the institutes for second- 
ary school teachers are quite appropri- 
ate for junior high school teachers, 
and quite a number of the latter are 
already attending these institutes. In- 
stitute proposals based on new ap- 
proaches to junior high school science 
may well be invited and supported. 

The recommendations on institutes 
are intended as means of meeting an 
immediate need and also as continuing 
activities to supplement the teacher 
aids which may be prepared for the 
new courses. The great value of sum- 
mer institutes for secondary school 
teachers, both as a means of strength- 
ening their education in science and 
as a way of encouraging them to use 
the new course materials, is recognized 
in the strong and urgent recommenda- 
tion that science institute programs for 
elementary and junior high school 
teachers be greatly strengthened and 
increased. The _ institute program 
should include the following. 

1) Summer institutes and in-service 
institutes for elementary and junior 
high school principals, curriculum di- 
rectors, science supervisors, special 
science teachers, and other teachers of 
known leadership qualities. An im- 
portant criterion for attendance should 
be the potentiality of the individual as 
a leader in improving science pro- 
grams in his own school system. 

2) Institutes for junior high school 
science teachers under the regular sec- 
ondary school institute program, but 
with special attention given to the 
problems of junior high school science. 

3) In-service institutes for elemen- 
tary or junior high school teachers 
within a school system or at a center 
serving several schools or school sys- 
tems. Consulting scientists and consult- 
ing specialists in science education 
should be involved in the planning and 
teaching of these institute courses. 

It is also urgent that college pro- 
grams for prospective teachers be 
strengthened. These programs are like- 
ly to be modified when the new ma- 
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terials for elementary and junior high 
school instruction become available, 
but in the meantime, and more funda- 
mentally, the following steps are pro- 
posed. 

1) College science courses should 
be designed to give a fuller and wider 
spectrum of science. The courses 
would probably include materials 
drawn from several science depart- 
ments and should teach the logical and 
operational assumptions on which 
science is built. The courses need not 
be specially designed for elementary 
teachers; those most appropriate for 
liberal arts majors and other nonscien- 
tists might be excellent for prospective 
teachers in the elementary grades. A 
working conference to clarify patterns 
may be useful. 

2) Professional education experi- 
ences for prospective elementary 
teachers should include opportunity to 
observe the work of well-qualified 
teachers who like science and who like 
children. Prospective teachers should 
also be provided opportunities to gain 
experience in formulating questions 
that are meaningful to children, in de- 
veloping methods for using quantita- 
tive approaches, in using audio-visual 
and laboratory materials, and in 
adapting to science instruction ma- 
terials found in the surroundings of 
children. 

3) All prospective elementary 
teachers should have an area of con- 
centration. For some, this area should 
be science. The teachers who had con- 
centrated in science could then become 
special science teachers or could assist 
other teachers less well acquainted 
with science. 


Studies of Learning 


Conference participants agreed upon 
the importance of encouraging addi- 
tional studies of the learning process. 
The investigations proposed fall into 
two categories—those concerned with 
fundamental research in learning and 
those directly concerned with the se- 
lection and organization of content for 
sgience courses and with methods of 
teaching science. 

It is not proposed that fundamental 
research in learning—research which 
could contribute to the improvement 
of teaching in all disciplines—become 
a part of the proposed national course- 
content-improvement program for ele- 
mentary and junior high school sci- 
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ence. The conferences and the steering 
committee, however, recognize the 
need for such research and strongly 
recommend that it receive more ade- 
quate support. 

There are, however, problems for 
investigations that would directly sup- 
port the development of improved ele- 
mentary and junior high school science 
materials. Work on some of these 
problems should be planned as part of 
the recommended study. Examples are 
the kinds of instructional materials 
that are most effective in learning at 
different grade levels; the most effec- 
tive use of textbooks, reading materi- 
als, laboratory equipment, films, tele- 
vision, and automated learning devices; 
development of better means of early 
identification of scientific and technical 
talent and appropriate instructional ma- 
terials for talented pupils; study of 
readiness for the kinds of intellectual 
activities that are required in science 
learning and of the extent to which 
such readiness is a function of earlier 
experience; and development of better 
means for comparing the effectiveness 
of new teaching materials with that of 
other, more traditional ones. 


Developing Course Materials 


The program for the development of 
science materials for use in the ele- 
mentary and junior high schools and 
of all of the supporting materials to 
be used by the teachers should be un- 
der the direction of a national advisory 
or steering committee. The steering 


committee should include scientists, 
science educators, teachers, super- 
visors, and learning specialists. 

The following steps or _ stages, 


whether carried out at one or more 
centers simultaneously or successively, 
were agreed upon as necessary. 

1) Identification of major scientific 
concepts, principles, and content areas 
to be covered and preparation of a 
sequential plan for their development. 

2) Collation of present research 
data related to elementary and junior 
high school science instruction and 
definition of problems that need care- 
ful study. 

3) Preparation of alternative blocks 
of material (texts, teachers manuals, 
tests, and so on) for the several grades 
or content areas. 

4) Classroom trial, feedback of 
criticism and suggestions, and revision 
of the preliminary materials. 


5) Preparation of sets of materials 
for general school use. 

As a plan of action for accomplish- 
ing these goals we propose the estab- 
lishment of several centers for the de- 
velopment .of course materials. Each 
center should have its own working 
group of scientists, teachers, and other 
educational leaders and each its own 
set of cooperating schools trying out 
the new materials. The number of cen- 
ters can be better determined after 
there has been more detailed consider- 
ation of all of the problems involved; 
we tentatively recommend that there 
be three. This number seems to offer 
a good compromise between the ad- 
vantages of wide choice and the re- 
quirements of cost and other practical 
realities. While each center should 
have considerable autonomy to de- 
velop materials it considers best, the 
activities of all centers would be coor- 
dinated by the national steering com- 
mittee, and all would have access to 
common supporting services—such as 
facilities for the development of films 
or equipment. 

Administrative coordination and 
management of the centers for course 
and materials development might fol- 
low either of two patterns. 

One possibility would be for the 
foundation that provides financial sup- 
port to contract directly with the uni- 
versities or other institutions that un- 
dertake to develop courses and ma- 
terials. If this procedure is followed, 
the funding agency should establish a 
national steering committee that would 
work closely with the centers both in 
initial planning and throughout the de- 
velopmental program. The _ steering 
committee could be established direct- 
ly within the funding agency or 
through a separate contract. 

The other and perhaps more desir- 
able possibility would be for the sup- 
porting foundation to arrange with a 


Single agency or organization to ap- 


point the national steering committee 
and to establish the course materials 
development centers, either directly or 
through subcontracts with universities 
or other appropriate agencies. 


Independent Studies 


In recommending a massive and co- 
ordinated attack on the problem of 
improving science education, the study 
participants explicitly indicated that 
they do not wish to discourage or in- 
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Illustrated is a microphotograph of 
Cu-phthalocyanine, taken at 30,000X 
electronic magnification with the 
HS6! 


the HITACHI HS-6 ELECTRON MICROSCOPE 


The Hitachi HS-6 permanent magnet Electron Microscope provides 
a continously variable magnification range of 2000 to 28,000X! 
Focusing is achieved by altering the magnetic flux of the objective 


lens leaving the ‘accelerating voltage 
unchanged. 


One of the outstanding features of the 
Hitachi HS-6 is the guaranteed resolu- 
tion of 20 Angstrom Units or better. 
The simplicity of operation, mechanics 
and circuitry makes the HS-6 an ideal 
Electron Microscope for the researcher 
in medical and biological fields. 





LEASE TERMS ARE NOW 
AVAILABLE 











You are cordially invited to visit our new Midwestern sales office, located 
just 20 minutes from downtown Chicago, at 1103 Westgate Ave., Oak 


Park, Illinois. 


ERB & GRAY SCIENTIFIC, Inc. 


Exclusive Hitachi distributors for the United States 


5927 Riverdale Avenue 
New York 71, New York 


1103 Westgate Avenue 
Oak Park, Illinois 


854 South Figueroa Street 
Los Angeles 17, California 
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and convenience of your present 
spectrophotometer simply 

and at reasonable cost with easy- 
to-install Beckman “building 
block” accessories. You may select 
from a complete line of Beckman 
accessories that includes adapters 
for flame photometry analysis, 
diffuse reflectance measurement, 
energy recording, power regulation, 
fluorescence analysis, and 
photomultiplication. For specific 
accessory applications information 
contact your local Beckman 
laboratory apparatus dealer, or 
write us for Data File 38-25-03 


Beckman: 

Scientific and Process | Instruments Division 
Beckman Instruments, Inc, 
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terfere with other, independent efforts 
aimed at the same goal. While such in- 
dependent studies are unlikely to at- 
tain the national attention that would 
be given to a more massive attack, 
they may well turn out to be more im- 
aginative and bolder in conception and 
method of attack. Such independent 
studies should be encouraged, not dis- 
couraged, by the existence of a large 
and coordinated effort. 


An Observation 


A most encouraging aspect of the 
three conferences was the ease and sat- 
isfaction with which scientists, repre- 
senting all of the major scientific dis- 
ciplines, and educators, representing 
teacher education, administration, and 
the classroom, were able to reach 
agreement about needs for improve- 
ment of early science education and 
ways of bringing about that improve- 
ment. It was heartening to both scien- 
tists and educators to find such a high 
degree of agreement upon the im- 
portance and the feasibility of the 
task. The general spirit of the confer- 
ences was one of enthusiastic ac- 
ceptance of joint responsibility and 
confidence that a large-scale, coordi- 
nated, and cooperative attack would 
produce major improvements in sci- 
ence education at the elementary and 
junior high school levels. 


Reference 


1. The background papers appear as articles by 
the authors in School Science and Mathe- 
matics (Apr., May, and June 1961). 


Forthcoming Events 


July 


16-21. International Conf. on Medical 
Electronics, 4th, with Electrical Techniques 
in Medicine and Biology, 14th annual 
conf., New York, N.Y. (L. E. Flory, RCA 
Laboratories, Princeton, N.J.) 

16-22. International Soc. for Clinical 
and Experimental Hypnosis, Rio de Ja- 
neiro, Brazil. (ISCEH, 33 E. 65 St., New 
York 21) 

17-22. Soil Mechanics and Foundation 
Engineering, Sth intern. conf., Paris, 
France. (E. Caminade, Secretaire General, 
23 rue de Cronstadt, Paris 15) 

18-20. Pulmonary Structure and Func- 
tion, Ciba Foundation Symp. (by invita- 
tion only), London, England. (Ciba 
Foundation, 41 Portland Pl., London, W.1) 


18-21. Inorganic Polymers, intern. 
symp., Nottingham, England. (General 
Secretary, Chemical Soc., Burlington 


House, London, W.1, England) 
21-22. World Power Conf. (members 
only), Moscow, U.S.S.R. (Central Office, 


201-2 Grand Buildings, Trafalgar Sq., 
London, W.C.2, England) 

23-28. Otolaryngology, 7th intern. 
congr., Paris, France. (H. Guillon, Secre- 
tary General, 6 Avenue Mac-Mahon, 
Paris 17) 

24-28. Nematology Symp., 6th intern., 
Ghent, Belgium. (J. van den Brande, Soc. 
of European Nematologists, Rijksland- 
boushogeschool, Coupure links 235, 
Ghent) 

24-29. Medical Electro-Radiological So- 
cieties, Latin Federation of, 5th congr., 
Paris, France. (C. Proux, Secretary, 9 rue 
Daru, Paris 8) 

24-30. Urology, 12th intern. congr., 
Rio de Janeiro, Brazil. (J. Silva de Assis, 
Secretary, P.O. Box 1275, Belo-Horizonte, 
Brazil) 

26. International Commission for the 
Prevention of Alcoholism, 7th annual 
meeting, Washington, D.C. (International 
Headquarters, 6840 Eastern Ave., NW, 
Washington 12) 

26-28. Detection and Assay of Hor- 
mones by Immuno-Clinical Means, Ciba 
Foundation Colloquium (by invitation 


only), London, England. (Ciba Founda- . 


tion, 41 Portland Pl., London, W.1) 

27-1. Macromolecular Chemistry, in- 
tern. symp., Montreal, Canada. (Organiz- 
ing Committee, P.O. Box 816, Sarnia, On- 
tario, Canada) 

28-29. Linguistic Soc. of America, 
Austin, Tex. (A. A. Hill, Box 7790, Uni- 
versity Station, Austin 12) 

30-2. Soil Conservation Soc. of Amer- 
ica, Lafayette, Ind. (H. W. Pritchard, 838 


Fifth Ave., Des Moines 14, Iowa) 


30-3. International Psycholanalytical 
Congr., 22nd, Edinburgh, Scotland. (Miss 
C. de Monehaux, 53 York Terrace, Re- 
gents Park, London, N.W.1, England) 

31-4. Biophysics, ist intern. congr., 
Stockholm, Sweden. (B. Lindstrém, Dept. 
of Medical Physics, Karolinska Institutet, 
Stockholm 60) 

31-4. Differential Equations in Non- 
Linear Mechanics, Air Force Acad., Colo- 
rado Springs, Colo. (J. P. Lasalle, 7212 
Bellona Ave., Baltimore 12, Md.) 

31-11, Physics of the Solar System and 
Re-entry Dynamics, conf., Blacksburg, 
Va. (Bureau of Public Relations, Virginia 
Polytechnic Inst., Blacksburg) 

31-12. Electric Power and Problems of 
Nuclear Power, seminar, U.N. Economic 
Commission for Latin America, Mexico, 
D.F. (A. Dorfman, Chief, Energy and 
Water Resource Program, Avenue Provi- 
dencia 871, Santiago, Chile) 


August 


1-26. Functional Analysis, 8th Amer- 
ican Mathematical Soc. summer institute, 
Stanford, Calif. (P. D. Lax, AMS, 190 
Hope St., Providence 6, R.I.) 

2-5. International Conf. of Pure and 
Applied Chemistry, 21st, Montreal, Can- 
ada. (R. Morf, Hoffmann-LaRoche, S.A., 
Grenzachterstrasse 124, Basel, Switzerland) 

3-5, Canadian Chemical Conf. and Ex- 
hibition, 44th, Montreal. (Chemical Inst. 
of Canada, 48 Rideau St., Ottawa 2, Ont.) 

5-9. International Rorschach Soc., Sth 
congr., Fribourg-en-Brisgau, Germany. (A. 
Friedemann, Chemin des Pécheurs 6, 
Bienne, Switzerland) 
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6-10. Occupational Medicine and Tox- 
icology, 3rd Inter-American conf., Miami, 
Fla. (W. B. Deichmann, School of Medi- 
cine, Univ. of Miami, Coral Gables, Fla.) 

6-12. Atmospheric Ozone and General 
Circulation, symp., Arosa, Switzerland. 
(H. U. Duetsch, 20 Carl Spittelerstrasse, 
Ziirich 53, Switzerland) 

6-12. Chemical and Thermodynamic 
Properties at High Temperatures, symp., 
Montreal, Canada. (N. F. H. Bright, Natl. 
Research Council, Ottawa, Canada) 

6-12. International Congr. of Pure and 
Applied Chemistry, 18th, Montreal, 
Canada. (L. Marion, Natl. Research Coun- 
cil, Ottawa 2, Canada) 

7-9. Guidance and Navigation Conf., 
American Rocket Soc., Palo Alto, Calif. 
(J. J. Harford, ARS, 500 Fifth Ave., New 
York, N.Y.) 

7-9. International Committee of Electro- 
Chemical Thermodynamics and Kinetics, 
13th meeting, Montreal, Canada. (N. Ibl, 
Eidg. Technische Hochschule, Laborato- 
rium fiir Physikalische und Elektrochemie, 
Universitatsstrasse 6, Ziirich 6, Switzer- 
land) 

7-9. Space Age Astronomy, intern. 
symp., Pasadena, Calif. (D. W. Douglas, 


Jr., Douglas Aircraft Co., Inc., Santa 
Monica, Calif.) 
7-10. National Medical Assoc., New 


York, N.Y. (J. T. Givens, 1108 Church 
St., Norfolk, Va.) 

7-11. High Temperature Chemistry and 
Thermodynamics, symp., Montreal, Can- 
ada. (L. Brewer, Dept. of Chemistry, Univ. 
of California, Berkeley) 

7-11. Seminar on Fast and Intermediate 
Reactors, International Atomic Energy 
Agency, Vienna, Austria. (IAEA, 11 Kart- 
ner Ring, Vienna 1) 

8-11. Poultry Science Assoc., State Col- 
lege, Pa. (C. B. Ryan, Texas A & M Col- 
lege, Collere Station) 

8-16. Society of Protozoologists, Prague, 
Czechoslovakia. (N. D. Levine, College 
of Veterinary Medicine, Univ. of Illinois, 
Urbana) 

10-16. International Congr. of Bio- 
chemistry, 5th, Moscow, U.S.S.R. (N. M 
Sissakian, Leninsky prospekt, 33, Moscow, 
B-71) 

10-16. International Union of Bio- 
chemistry, 4th general assembly, Moscow, 
U.S.S.R. (R. H. S. Thompson, IUB, Dept. 
of Chemical Pathology, Guy’s Hospital 
Medical School, London, S.E.1, England) 

12-19. Fast Reactions, summer school, 
Cambridge, England. (Secretary of the 
Summer School, Dept. of Physical Chem- 
istry, Lensfield Road, Cambridge) 

13-18. Microchemical Techniques, in- 
tern. symp., University Park, Pa. (H. J. 
Francis, Jr., Pennsalt Chemical Corp., 
P.O. Box 4388, Chestnut Hill Post Office, 
Philadelphia 18, Pa.) 

13-18. Theoretical Aspects of Magneto- 
hydrodynamics, seminar, University Park, 
Pa. (Conference Center, 
State Univ., University Park) 





Pennsylvania | 


13-19. International Assoc. of Applied | 


Psychology, 14th congr., Copenhagen, 
Denmark. (Congress Secretariat, 19 Sankt 
Pederstraede, Copenhagen K.) 

13-19. Training for Research in the 
Processes of Vision, Ist intern. conf., 
Rochester, N.Y. (Office of Public Informa- 
tion, River Campus Station, Rochester) 
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FISHER’S NEW INTEGRATING RECORDER 
GIVES YOU ACCURATE PEAK AREAS You 


make gas chromatographic analyses faster, easier, surer. Auto- 
matically, the new Recorder precisely computes the areas under 
each peak on the chromatogram . . . gives you an accurate figure 
for determining the concentration of each compound. Quiet, 1-mv 
Integrating Recorder has ‘‘gear shift’’ for different chart speeds 

. variable counting rates of 10, 20 or 40 chart-widths a minute... 
adjustable zero... rapid pen response. It’s the perfect partner for 
the Fisher Gas Partitioner. Get free Bulletin FS-220 from your 
Fisher branch, or write Fisher Scientific Company, 139 Fisher Build- 
ing, Pittsburgh 19, Pa. 
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14-17. Calorimetry Conf., intern., Ot- 
tawa, Canada. (J. E. Kunzler, Bell Tele- 
phone Laboratories, Murray Hill, N.J.) 

14-19. International Medical Conf. on 
Mental Retardation, 2nd, Vienna, Austria. 
(Miss E. Langer, Div. of Maternal and 
Child Health, State House, Augusta, 
Maine) 

14-19. Symposium on Radiation, Vien- 
na, Austria. (World Meteorological Organ- 
ization, 1 Avenue de la Paix, Geneva, 
Switzerland) 

14-25. Israel Medical Assoc., 5th world 
assembly, Jerusalem, Israel. (Beth-Haro- 
feh, 1 Heffman St., Tel-Aviv, Israel) 

14-26. Plant Pathology, conf., Lafa- 
yette, Ind. (J. F. Schafer, Dept. of Botany 


and Plant Pathology, Purdue Univ., La- 
fayette) 

14-26. World Eucalyptus Conf., 2nd, 
Sao Paulo, Brazil. (Intern. Agency Liaison 
Branch, Office of the Director General, 
Food and Agriculture Organization, Viale 
delle Terme di Caracalla, Rome, Italy) 

15-17. International Assoc. of Milk 
and Food Sanitarians, Jekyll Island, Ga. 
(H. L. Thomasson, P.O. Box 437, Shelby- 
ville, Ind.) 

15-18. Technical Assoc. of the Pulp 
and Paper Industry, 12th testing conf., 
Montreal, Canada. (TAPPI, 155 E. 44 
St., New York 16) 

15-24. International Astronomical Union, 
11th general assembly, Berkeley, Calif. 








WIDE TEMPERATURE RANGE: Ambient to 100° C. 
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CONSTANT 
TEMPERATURE 


with 
CONTROLLED 
AGITATION 


PERTINENT DATA 


GUARANTEED TEMPERATURE UNIFORMITY: +0.5° C. (or bet- 
ter) 


SPEED: 40 to 200 oscillations per minute (100% repeatable 


settings) 


. ADJUSTABLE STROKE LENGTH: Three cam settings—¥2.”, 1”, 
1%,"——for greater shaking selection 

NEW INTERCHANGEABLE TRAYS: Permit use of 13 to 25 mm 

tubes——25 to 1000 mi flasks or beakers simultaneously 


‘ new line of “Precision” Shaker 
Baths is ideally suited for all types 
of bio-studies and general research 
where precise temperature control 
and agitation are required. Heat dis- 
tribution is exceptional. Agitation is 
thorough without splashing or noise. 
And, as the shaker shelf oscillates 
smoothly on nylon bearings, no lu- 


**PRECISION'' SHAKER BATHS complete with shaker shelf and 20°-100° C 


holder, but without interchangeable trays. 


brication is needed—ever! A setting 
on the finger-tip control knob will 
maintain any speed selection you 
wish from 40 to 200 oscillations 
per minute indefinitely—yet you can 
change it instantly as desired. For 
detailed information on these attrac- 
tive stainless steel units, ask for bul- 
letin 614! 
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CATALOG TRAY INTERIOR DIMENSIONS OVERALL DIMENSIONS 
NO. SIZE CAPACITY | Width | Depth Height Width Depth | Height} WATTS | PRICE 
1+3050X | Small 1 132" | 10%." | 4&6%4" | 20” 154%," 14” 1150 | $475.00 
1-3052X | Medium 2 27" 10%." | 4&6%," | 3342" 15%," 14” 1900 625.00 
1-3054X | Large 6 36” 18” 5 & 8” 47." 23" 19° 2650 975,00 
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(D. H. Sadler, Royal Greenwich Observ- 
atory, Herstmonceux Castle, Hailsham, 
Sussex, England) 

16-18. Hypersonics Conf:, intern., Cam- 
bridge, Mass. (J. J. Harford, American 
Rocket Soc., 500 Fifth Ave., New York. 
N.Y.) 

18-21. Association of American Geogra- 
phers, East Lansing, Mich. (M. F. Burrill, 
1785 Massachusetts Ave., NW, Washing- 
ton 6) 

19-30. Agricultural Economists, 11th 
intern. conf., Cuernavaca, Mexico. (J. 
Ackerman, Farm Foundation, 600 S. 
Michigan Ave., Chicago, IIl.) 

20-23. International Ergonomics Assoc., 
1st congr., Stockholin, Sweden. (T. Olson, 
Dept. of Industrial Physiology, G.C.I. 
Lidingévigen 1, Stockholm) 

20-24. American Veterinary Medical 
Assoc., Detroit, Mich. (H. E. Kingman, 
AVMA, 600 S. Michigan Ave., Chicago 
55-a1) 

21-23. International Hypersonics Conf., 
Cambridge, Mass. (F. Ridell, Avco Re- 
search Laboratory, 301 Lowell St., Wil- 
mington, Mass.) 

21-24. Biological Photographic Assoc., 
Chicago, Ill. (Mrs. J. W. Crouch, Box 
1668, Grand Central P.O., New York 17) 

21-24. International Conf. on Photo- 
conductivity, Ithaca, N.Y. (E. Burstein, 
Dept. of Physics, Univ. of Pennsylvania, 
Philadelphia) 

21-26. International Congr. of Psycho- 
therapy, 5th, Vienna, Austria. (W. Spiel, 
Lazarettg. 14, Vienna 9) 

21-26. World Traffic Engineering Conf., 
Washington, D.C. (Intern. Road Federa- 
tion, 1023 Washington Bldg., Washing- 
ton 5) 

21-27. International Assoc. of Dental 
Students, congr., London, England. (D. 
H. Clark, Royal Dental Hospital, Leices- 
ter Sq., London, W.C.2) 

21-31. United Nations Conf. on New 
Sources of Energy, Rome, Italy. (United 
Nations, New York, N.Y.) 

21-2. International Congr. of Practical 
Medicine, Merano, Italy. (Bundesirtzte- 
kammer, 1 Hiadenkampfstrasse, Cologne, 
Germany) 

21-6. Pacific Science Congr., 10th, 
Honolulu, Hawaii. (Secretary General, 
10th Pacific Science Congr., Bishop Mu- 
seum, Honolulu) 


22-25. International Pharmacological 
Meeting, Ist, Stockholm, Sweden. (A. 
Wretlind, Karolinska Institutet, Stock- 
holm 60) 


22-30. International Conf. on Proto- 
zoology, Prague, Czechoslovakia. (N. D. 
Levine, College of Veterinary Medicine, 
Univ. of Illinois, Urbana) 

23-25. Gas Dynamics, symp., biennial, 
Evanston, Ill. (J. J. Harford, American 
Rocket Soc., 500 Fifth Ave., New York, 
N.Y.) 

23-26. Electron Microscope Soc. of 
America, Pittsburgh, Pa. (Miss M. L. 
Rollins, Agricultural Research Service, 
U.S. Department of Agriculture, P.O. 
Box 19,687, New Orleans 19, La.) 

23-26. Institute of Management Sci- 
ences, 8th annual intern., Brussels, Bel- 
gium. (W. Smith, Inst. of Science and 
Technology, Univ. of Michigan, Ann 
Arbor) 


(See issue of 16 June for comprehensive list) 
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1115 Broadway New York 10, N. Y. 




















INEXPENSIVE 
“SCIENCE” 
BINDERS 













Keep your copies of SCIENCE always available 
for quick, easy reference in this attractive, prac- 
tical binder. Simply snap the magazine in or out 
in a few seconds—no punching or multilating. 
It opens FLAT—for easy reference and read- 
ability. Sturdily constructed—holds 26 issues. 


Now made of stronger materials and with a 4-inch 
spine to accommodate heavier volumes. 


This beautiful maroon buckram binder stamped 
in gold leaf will make a fine addition to your 
library. Only $3.25 postpaid; add 50¢ for or- 
ders outside the U.S. (Personal check or money 
order, please.) Name of owner, 75¢ extra; year 
of issues, 50¢ extra. 
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RECENT ADVANCES 
in radioisotope production 


Newly available Isotopes 


Constant development at Amersham and elsewhere has led 


to newer isotopes becoming available for general use. These 
include:- 


Beryllium-7 Todine-124/125 
Calcium-47 Todine-132 
Cobalt-57 Strontium-85 


Higher Specific Activity 


We are now able to offer Chlorine-36 and Chromium-51 as 
follows :- 


Chlorine-36— specific activity 0.5 mc/gram. 
Chromium-51—specific activity 100 curies/gram. 


Some of the above are held in stock, others are produced at 
regular and frequent intervals. Let us quote for your require- 
ments. Comprehensive catalogues are available on application. 


Inquiries for all radioactive supplies and services to:— 


THE RADIOCHEMICAL CENTRE 


AMERSHAM, BUCKINGHAMSHIRE, ENGLAND 
World centre for dependable radiochemicals 


Telephone: Little Chalfont 2701 
Telex: Active, Amersham 83141 
Cables: Activity Amersham, Telex 
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CLASSIFIED: Positions Wanted 25¢ per 
word, minimum charge $4. Use of Box 
Number counts as 10 additional words. 
Payment in advance is required. 


COPY for ads must reach SCIENCE 2 weeks 
before date of issue (Friday of every 
week). 

DISPLAY: Positions Open. Rates listed be- 
low—no charge for Box Number. Rates 
net. No agency commission. No cash 
discount. Minimum ad: 1 inch. Ads over 
1 inch will be billed tc the nearest 
quarter inch. Frequency rate will apply to 
only repeat of same ad. No copy 
changes. Payment in advance is required 
except where satisfactory credit has been 
established. 


Single insertion 
4 times in 1 year 38.00 per inch 


For PROOFS on display ads, copy must 
reach SCIENCE 4 weeks before date of 
issue (Friday of every week). 


Replies to blind ads should be addressed 
as follows: 
Box (give number) 
Science 
1515 Massachusetts Ave., 
Washington 5, D.C. 


$40.00 per inch 


NW 











Ini] POSITIONS WANTED iil 


Anatomist. Ph.D. Desires position in medical col- 
lege teaching neuroanatomy and microscopic anat- 
omy. Member of professional societies and fra- 











ternities. Experienced in teaching and research. 
Box 139, SCIENCE 6/30; 7/7, 14 
Biochemist (5 years in the U.S.), Ph.D. 1954. 


Strong academic background and wide experience 
in the chemistry of proteins, enzymes, and nerv- 








ous tissue. Substantial publications. Abilities in 
instrumentation and design. Patents. Desires re- 
sponsible position in modern industrial medical 
research. Box 140, SCIENCE. xX 
Chemist. M.S. physical-biochemical, 5 years’ ex- 
perience teaching; protein analysis, separation 
and structure; immunochemistry. Box 111, 
SCIENCE x 
Clinical Biochemist, M.S., experienced in clini- 
cal laboratory, and research in endocrinology. 


Seeks position in 
SCIENCE. 


M.D., 32, full training 
years of ‘university 
psychiatric research 
low, 


a clinical laboratory. Box i, 





in psychiatry plus 2 
training in biostatistics and 
techniques as research fel- 


seeks full-time position in Philadelphia, 
New cary, or New York City. Box 118, 
SCIENCE 6/23 





Research Consultant. Fundamental approach in 
radiation, electronics and medical. Reduce time 
insure results. Preview of approach on specific 
problem on request. H. Hixson, Ph.D., General 
Scientist, 4548 NW 19th, Oklahoma City, Okla. 

x 





iM] POsit1oNs OPEN _ |i 








BIOCHEMIST 


To head metabolic research laboratory at the 
University Hospitals in conjunction with West- 
ern Reserve University School of Medicine. 
Varied program with time and equipment to 
carry out personal investigations. Salary $7500 
and up depending on experience and quailifi- 
cations. Dr. William Abbott, University Hos- 
pitals of Cleveland, Cleveland, Ohio. 











CHEMIST. $6284-$7004, U.S. citizenship, 
master’s degree or bachelor’s degree and 2 
years’ experience as a chemist in a clinical 
laboratory. Position is in modern, _ well- 
equipped toxicological laboratory in County 
Medical Examiner’s Department. Liberal 
fringe benefits. For application write: Wayne 
County Civil Service Commission, 628 City- 
County Building, Detroit 26, Mich. 





(MMI POstrroNs OPEN [MMI | iii POSITIONS OPEN [ill 














PHYSICIAN 


to assist 
in professional relations 


Ethical pharmaceutical firm in desirable 
New York City suburban area seeks per- 
sonable, promotion-minded physician to 
manage contact and correspondence with 
physicians concerning marketed pharma- 
ceutical products. Will aid in development 
and organization of medical symposia and 
scientific exhibits; will review medical 
literature; and will assist in training of 
pharmaceutical representatives. Excellent 
salary and benefits. Please send full résumé 
including compensation desired. 


Box 134, SCIENCE 


SCIENCE TEACHER 


to instruct 
pharmaceutical representatives 


Ethical pharmaceutical firm in desirable 
New York City suburban area offers in- 
teresting teaching position to man capable 
of providing clear and dynamic instruction 
to pharmaceutical representatives in basic 
anatomy, physiology and mechanism of 
disease, etc., in areas related to products 
manufactured. Teaching experience in 
physiology, biology, pharmacy, pharma- 
cology, or related sciences, at high school 
or college level, required. Prefer M.S. or 
Ph.D. Excellent compensation and _ bene- 
fits. Please send full résumé, including 
salary desired. 


Box 134, SCIENCE 














ENCYCLOPEDIA EDITOR 
IN CHEMISTRY 


Excellent opportunity for man _ with aca- 
demic or journalistic background in chem- 
istry who wishes career in publishing. We 
are looking for a permanent Encyclopedia 
Editor to edit articles and handle liaison 
with top men in the academic and industrial 
fields. Unusually attractive working en- 
vironment in Charlottesville, Virginia, the 
perfect setting for gracious living in a uni- 
versity atmosphere. Liberal benefit program 
and relocation expense allowance. 

Please send résumé and _ salary 

ments to Box 133, SCIENCE. 


require- 





The Market Place 


BOOKS « SERVICES + SUPPLIES « EQUIPMENT 





iil BOOKS AND MAGAZINES jill 





Your sets and files of 
scientific journals 
are needed by our library and institutional cus- 


tomers. Please send us lists and description of 
periodical files you are willing to sell at hig 4 mar- 











WRITING 


Excellent opportunity for physician, ex- 
perienced or otherwise qualified, who seeks 
a career in medical writing and editing 
of professional literature—to assist Head 
of Medical Writing Division of midwest- 
ern pharmaceutical firm. Applicant should 
have some administrative as well as liter- 
ary capability, in addition to a degree and 
training in medicine. 


Box 136, SCIENCE 











MICROBIOLOGIST III. 
Hawaii Department of Health’s plague re- 
search project. Requires 3 years’ experience 
in conducting bacteriological, parasitological, 
and serological laboratory tests and analyses 
and a master’s degree with specialization in 
a biological or medical science. Salary: $6792- 
$8256 per annum. Write to Department of 
i Services, 825 Mililani St., Honolulu 
awaii. 


Position with the 











PHYSICIST 


Staff opening available for young physicist 
interested in teaching and research. Col lege 
of 900 affiliated with outstanding private uni- 
versity. Northeast area. Ph.D. preferred. Rank 
and salary open. Excellent opportunity for 
candidate academically oriented. 


Box 138, SCIENCE 

















CLINICAL MICROBIOLOGIST 


Ph.D. preferred to supervise microbiology 
laboratory of large general hospital located 
in New York City. he geri = for profes- 
sional growth, research encouraged, univer- 
sity affiliation, salary about $9000 annually 
with liberal extras. Contact: Chief, Labora- 
tory Service, Veterans Administration Hos- 
pital, 130 West Kingsbridge Road, Bronx 
68, New York. 





MEDICAL and Scientific Publisher, Philadelphia, 
offers attractive college editorial position to col- 
lege graduate. Knowledge of medical or biological 
sciences preferable. Territory includes Chicago and 
surrounding states, with occasional short nation- 
wide trips. Liberal travel allowance. Residence op- 
tional—either Philadelphia or Chicago areas. Posi- 
tion entails eg new manuscripts and their 

ti i 1 commensurate 
particulars to Box 





fo Sa 
with experience. Write full 
141, SCIENCE. 
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ket prices. Write Dept. A3S, CAN NER'S Inc. 

Boston 20, Massachusetts 
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M.D. TO DO MEDICAL ! FOR UP-TO-DATE INFORMATION ON ! 


GAS CHROMATOGRAPHY 
READ AEROGRAPH RESEARCH NOTES 


' 
1 ° 
write Jor your 
! in * J WILKENS INSTRUMENT & RESEARCH INC, : 
! ae 313-A * Walnut Creek, Calif, 
| subscription ; 
— 


ee ee ee ee ee ee ee et ee De ee 





{| SUPPLIES AND EQUIPMENT |jjjjj 


¢ HYPOPHYSECTOMIZED RATS 


Shipped to all points via Air Express 
For further information write 
HORMONE ASSAY LABORATORIES, Inc. 
8169 South Spaulding Ave., Chicago 29, Ill. 














YOU NEED THIS FREE 


CATALOG FOR YOUR FILES 


Serums, antiserums and bloods ™ 
of all kinds for technicians and tissue J 
culture laboratories. No salesman will call. 


COLORADO SERUM CO. 
4950 York St.* MAin 3-5373 * Denver 16, Colo, 


















CHARLES RIVER *CD-1 S 
® (Caesarean-derived) 





_ T 
SWISS ICR 
Hypophysectomies available : 


THE CHARLES RIVER 
‘tak MOUSE FARMS 


1018 Beacon St., Brookline 46, Mass., RE 4-2000 


S 
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Wrap up high temperature 
laboratory heating problems 


fast with new CAL-CORD* 





Here’s news from Glas-Col . . . a new, flexible 
cord developed especially for high temperature 
laboratory heating applications. It’s easy to use 








. . . aS flexible as an appliance cord . . . and de- 
livers uniform temperatures. Cal-Cord comes a r 
complete with cord and plug. There are no trou- i P 
blesome loose terminals on the ends. / | 
TWO SIZES— 400°C and 600°C mi 
Medium “‘Cal-Cord’’— 400°C Specifications ame i : 
Catalog No. Length Wattage Price , a 
Cc? 2-ft. 80W, 115V $ 6.50 ‘al 
c-C'3 3-ft. 120W, 115V 9.00 * ; 
C-C4 4-ft. 160W, 115V 11.00 @,, \\ 
C-C 6 6-ft. 240W, 115V 15.00 > 
Made of glass fabric materials. Can be furnished for ¢, 
220V operation. FR 
ve 
Super "Cal-Cord’’— 600°C Specifications "* 
Catalog No. Length Wattage Price hy 
SC-C 2 2-Ft. 200W, 115V $ 8.00 1 
SC-C 3 3-ft. 300W, 115V 13.75 ty 
SC-C 5 5-ft. 500W, 115V 18.00 ’ 
Made of quartz fabric materials. Can be furnished for / 
220V operation. ty 








CAL-CORD TEMPERATURE CONTROL 

This Thermolyne Stepless Type 800 temperature 
controller, recently developed, is ideally suited 
for use with “‘Cal-Cords.” It’s a 115V unit. Maxi- 
mum amps: 13. Watts: 1500. Price $15.75. 


*Patent Pending 








Write for information on ‘‘Cal-Cord” today! 














World’s largest manufacturer of heating mantles for laboratory, 
pilot plant, and chemical process heating applications. 





Multi-exposure shot showing "PERMA NENT” mounted prism being 
crashed into a piece of wood. Bond was not affected in any way. Your AO 
Sales Representative will perform this demonstration right before your eyes 


Built to take it! 


> 


by American Optical 


~ “Sa Cycloptic Stereoscopic Microscopes 
= ii ? ¥ 


This stroboscopic photograph shows the amaz- 
ing holding power of the specially developed 
“PERMANENT” bonding agent used to 
mount prisms in the new AO Spencer Cyclop- 
tic Stereoscopic Microscopes. 


This method of prism mounting means you 
can put your Cycloptic to extreme use., .attach- 
ment to a vibrating production machine, rough 
and tumble field trips, even years of student 
handling...and still be assured of positive, per- 


American &) Optical 


COMPANY 
INSTRUMENT DIVISION, BUFFALO 15, NEW YORK 


7“ 


manent prism alignment. 


This careful attention to detail is typical of the 
thoroughness that marked every step of the 
development of this instrument. Enthusiastic 
users tell us we have achieved our goal of top 
quality at a low, low cost. 


The entire AO Spencer Stereoscopic story is 
yours for the asking. Mail coupon below for 
handsome 36 page brochure which gives com- 
plete specifications. 


Dept. T-4 
Gentlemen: 
Please send me AO Spencer Cycloptic Brochure SB56-856. 


Name 











IN CANADA write— American Optical Company Canada Ltd., Box 40, Terminal A, Toronto, Ontario 


Cees eens cee mee cee ee ee ae 














